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A C T A A G R O N O M I C A 
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Р Е З Ю М Е 
Д А Н Н Ы Е К А Н А Т О М И И К Р А С Н О Г О ПЕРЦА (CAPSICUM A N N U U M L.) 
I I I . Сравнительное исследование эндокарпия 
и . К О Н Е Ч Н И 
Изучался эндокарпий у разных сортов пряного и столового перца. К л е т к и эндо-
к а р п и я формируются двумя путями. М е ж д у клетками паренхимы имеются каменистые 
клетки . Ямообразно утолщенные каменистые клетки создают острова, г р у п п ы клеток в 
эндокарипп. На ж и л к о в а н и я х каменистые клетки находятся в большинстве случаев в виде 
маленьких групп, и рассеянно. Установлена средняя величина и форма каменистых клеток 
и их островов у самых в а ж н ы х сортов пряного и столового перца. 
Р Е З У Л Ь Т А Т Ы О П Ы Т О В ПО У Н И Ч Т О Ж Е Н И Ю С О Р Н Я К О В СОРГО Г Е Р Б И Ц И Д А М И 
В В Е Н Г Р И И С 1955 ПО 1970гг 
Э. К Ю К Е Д И 
Работа содержит результаты опытов, проведенных с 1955 до 1970г по уничтожению 
сорняков сорго (Sorghum vulgare var. frumenlaceum, Sorghum vulgare var. saccharatum, Sorg-
hum vulgare var. sudancnse) с использованием гербицидов. На основе экспериментов и 
производственных опытов, проведенных до сих пор, выяснилось, что A t r az in и Ramrod 
я в л я ю т с я самыми подходящими для уничтожения сорняков у зернового сорго на хорошо 
культивированных почвах. Предложенная доза при наших условиях 4 4 кг / га Atrazin. 
5 кг /га т а к ж е дал хороший результат у сахарного сорго. 2 ,4 Д использовалось для унич-
т о ж е н и я сорняков у суданской травы в дозе 1,75 кг/га, в форме опрыскивания. 
Г И С Т О Г Е Н Е Т И Ч Е С К О Е И З У Ч Е Н И Е Э К З О К А Р П И Я , М Е З О К А Р П И Я 
И Э Н Д О К А Р П И Я М И Н Д А Л Я 
Ж . АНТОНИ 
В наших гпстогенетических исследованиях индивидуальные слои околоплодника 
миндаля оказались не простыми эквивалентами разных слоев завязи. Экзокариий проис-
ходит из внешнего эпидермиса завязи. С другой стороны, он не представляет собой весь 
мезофилл, а является только его внешней половиной, абаксиальной частью завязи, из 
которой развился мезокарпий. Эндокарпий является самым сложным, имеет двойное про-
исхождение, развившись частично из мезофилла, частично из внутренней части эпидер-
миса. 
К У Р Ч А В О С Т Ь ЛИСТЬЕВ У П Е Р Ц А 
Ж О З Е Ф И Н к . ЭСКАРОУС 
Б ы л и найдены естественно з а р а ж е н н ы е растения перца (Capsicum f ru tescence var. gros-
sum). Листья имели различные симптомы мозаичной пятнистости, пузырчатости, уродства, 
искривлений, а т а к ж е курчавость в е р х у ш е к п зигзагообразность средней ж и л к и листа. 
З а р а ж е н н ы е растения были более компактными по росту, чем нормальные растения. Плоды 
з а р а ж е н н ы х растений были более мелкими по размеру и слегка искривленными. Вирус был 
полностью инактивирован при 94°С, имел конечную т о ч к у разбавления немного выше 
Ю
-® и заражал в течение 50—55 дней при комнатной температуре (23—28°С). Серологи-
ческие реакции против табачного мозаичного вирусного антисерума показали, что вирус 
был табачным мозаичным вирусом. Вирус , вызывающий курчавость листьев перца, может 
быть рассмотрен как штамм табачного мозаичного вируса . 
И С П О Л Ь З О В А Н И Е С Т И М У Л И Р У Ю Щ И Х К 0 Р Н Е 0 Б Р А 3 0 В А Н И Е А Л Ь Ф А - Н А Ф Т И Л -
УКСУСНОЙ, А Т А К Ж Е Б Е Т А - И Н Д О Л И Л - М А С Л Я Н О Й К И С Л О Т ПРИ 
Р А З М Н О Ж Е Н И И Ч Е Р Е Н К О В С М О Р О Д И Н Ы 
С. КАЛМАР 
Импортные сорта смородины из разных стран были размножены зелеными и полу-
одревесневшими черенками. Перед черенкованием использовали стимулирующие кор-
необразованне альфа-нафтил-уксусную и бета-индолил-масляную кислоты в разных кон-
центрациях . Установлено, что при размножении зелеными черенками обработка сорта 
Jo i ikhee r van Tets 3000 ним бета-индолил-масляной кислотой и сорта Red Lake 
5000 NII.M бета-индолил-масляной кислотой дали самый л у ч ш и й результат. П р и размноже-
нии полуодревесневшими черенками обработка сортов jo i ikhee r van Te t s и Red Lake 
3000 ппм бета-индолил-масляной кислотой оказалась наилучшей. Несмотря на тщательно 
проведенную обработку, сорта Macheraus Späte Riesen T r a u b e и Groseille Raisin погибли. 
В Л И Я Н И Е Т Е М П Е Р А Т У Р Ы НА Ц В Е Т Е Н И Е В Е Н Г Е Р С К О Г О 
А Б Р И К О С А 
Л. М О Л Н Д Р . А. ШТОЛЛАР 
Состояние глубокого покоя в плодовых почках абрикоса — на основании суммы 
температур — в нашей области заканчивается в середине декабря. Д л я подсчета суммы 
температур, необходимой для цветения, наиболее используема эффективная средняя тем-
пература дня выше 3°С. Однако, действительный биологический ноль н и ж е этой темпера-
туры. Начиная с 16-го декабря, эффективная температура, необходимая для цветения 
абрикоса , со средней температурой дня выше 3°С, в среднем за 10 лет равняется 199,8°С, 
при среднем квадратпческом отклонении 14,9° (7,5%). 
С Р А В Н И Т Е Л Ь Н О Е И З У Ч Е Н И Е С О Д Е Р Ж А Н И Я Б Е Л К А Н Е С К О Л Ь К И Х СОРТОВ 
П Ш Е Н И Ц , У Л У Ч Ш Е Н Н Ы Х П О Д В Л И Я Н И Е М А З О Т Н О Г О У Д О Б Р Е Н И Я И 
В Р Е М Е Н И ПОСЕВА 
А. АУСТИН, Б А С А Н Т КУМАР, Т. В. Р. НАИР 
При существующей в настоящее время тенденции, п р и которой в программе селек-
ции пшеницы больше внимание придается научной основе качества, чем морфологичес-
ким свойствам семян, содержание белка является одним из важнейших свойств качества 
семян. Пшеница и д р у г и е зерновые к у л ь т у р ы являются главным источником белкового 
питания для индийских людей, среди которых превалирует недостаточное питание. 
Несколько улучшенных сортов, созданных индийскими селекционерами в настоящие годы, 
по содержанию белка, варьирующему от 10 до 16%, превосходят старые индийские пше-
ницы (AUSTIN и др. 1952, 1968). Некоторые из этих сортов проявили значительную реак-
ции! на различные дозы азотного удобрения, производя увеличенное содержание белка 
(AUSTIN--M1RI, 1961). Эти результаты показывают возможность увеличения содержания 
белка в пшенице путем улучшения сорта и агротехники. Принимая это во внимание, боль-
шое число новых сортов анализировали по содержанию белка и изучали влияние на него 
азотного удобрения, сорта и времени посева. 
КРУПНОЛИСТНАЯ СПОНТАННАЯ МУТАЦИЯ Л Ю П И Н А ЖЕЛТОГО 
(1AJPINUS L U T E U S L.) 
Ф. БОРБЕЙ, И. БОРБЕЙ 
В 1961-ом году авторы н а ш л и новую крупнолистную спонтанную мутацию в сорте 
люпина Gyulatanyai 784. У потомков мутанта изучались морфологические особенности 
листа (листка), а также некоторые признаки в отношении урожайности, с целью предвари-
тельной ориентации. Вариация листка у мутанта сравнивалась с данными оригинального 
сорта. На основе вариационных анализов установлено, что размеры листков у исследован-
ных вариантов сигнификантно различаются. Размер листков постепенно увеличивается по 
ряду: дикая форма — оригинальный сорт — мутант. Различия по длине по сравнению с 
оригинальным сортом + 15,3%, по ширине 37,3%. Различие наблюдалось т а к ж е по 
типу частоты ширины листка и по вариационной ширине. Далее установлено, что мутаци-
онное изменение повлияло не только на размер, а также и на форму листков. Листок му-
танта оказалься шире по отношению к его длине, сравнивая с более длинными, узкими 
листками оригинального сорта. По исследованиям авторов урожайность зерна у мутанта 
оказалась меньше, чем у оригинального сорта. Показано однако, что одногодичные иссле-
дования являются недостаточными, поэтому установленные различия не могут рассматри-
ваться как окончательные, и надо еще производить дальнейшие исследования с большим 
количеством растений. Вероятно новый мутант, в форме партнера при скрещивании, может 
стать ценным исходным материалом селекции. 
В Л И Я Н И Е БЫСТРЫХ НЕЙТРОНОВ В МАЛЕНЬКИХ ДОЗАХ И ГАММА-
О Б Л У Ч Е Н И Й НА В Е Н Г Е Р С К И Й СОРТ РИСА 
К. КАРУНАКАРАН, И. ШИМОН 
Публикуются результаты эксперимента, выполненного в вегетационных сосудах-
Обнаружено улучшение прорастания, стимуляция раннего роста проростков вместе с 
лучшим развитием корней и побегов под влиянием 50 и 100 рад. облучений. В проростках, 
обработанных маленькими дозами, увеличилось N—Р поглощение. Продолжительность 
цветения оказалась неизмененной. 
В Л И Я Н И Е ВРЕМЕНИ Г О Д А НА С О Д Е Р Ж А Н И Е Б Е Л К А И КАЗЕИНА В МОЛОКЕ 
3. Ш А Ш В А Р И 
Изучалось влияние времени года на содержание белка и казеина в молоке у по-
месных коров: 50% венгерской пестрой породы х 25% датской джерси, контролем слу-
жила венгерская пестрая порода. В результате опытов установлено, что в некоторых 
исследованных стадах содержание белка и казеина в молоке оказалось наибольшим зимой, 
а наименьшим — летом, в июле и августе. Но это явление не было общим. 
Г Е Н Е Т И Ч Е С К И Е ИССЛЕДОВАНИЯ НАСЛЕДУЕМОСТИ Ц В Е Т А С Е М Е Н Н О Й 
ОБОЛОЧКИ К У Н Ж У Т А 
М. ОСМАН К И Д И Р , М. А. АЛИ 
Значительная изменчивость цвета семенной оболочки наблюдалась у 26 сортоь 
кунжута. Черный цвет доминировал над коричневым и белым, и коричневый цвет домини-
ровал над белым. Черный и белый цвета контролировались двумя парами факторов, и 
дали расщепление 9 : 3 : 3 : 1 (черные и темно-серые, серые и белые) по цвету семенной обо-
лочки в потомстве F? . Подобно этому, коричневый и белый цвета управлялись двумя пара-
ми факторов, в результате чего получилось расщепление 9 : 3 : 3 : 1 (коричневые, светло-
коричневые, серые и белые) в потомстве F,. Скрещивания корично- и черно-семенных роди-
телей показали моногибридное расщепление. Факториальная конституция родителей 
оказалась следующей: черный, А А Б Б ; коричневый, ААбрбр; белый, аабб. 
ИССЛЕДОВАНИЕ ЭНЗИМАТИЧЕСКИХ П Р И Ч И Н НЕСПОСОБНОСТИ 
К ПРОРАСТАНИЮ У С Е М Я Н ГОРОХА. АКТИВНОСТЬ П Е Р О К С И Д А З Ы И 
КАТАЛАЗЫ 
К. ЛАСЛО 
Изучая причину неспособности к прорастанию со стороны удовлетворяющего, а 
также неудовлетворяющего действия энзимов, катализирующих процессы физиологии про-
растения, приводится связь между прорастающей способностью и активностью перокси-
дазы и каталазы семян. 
З А Р А Ж Е Н И Е OROBANCHE AEGYPTIACA P E R S , ПОТЕРЯ ЭКОНОМИЧЕСКОЙ 
Ц Е Н Н О С Т И РАСТЕНИЯ-ХОЗЯИНА, И БОРЬБА С ПАРАЗИТОМ 
М. К. БАТТАЧАРИЯ 
Заражение Orobanche влияет на все части растения-хозяина, о чем свидетельствует 
редукция сухого веса стебля и корня . За понижением урожая следует качественная 
деградация плодов растения-хозяина. Среди химических веществ, использованных в борьбе 
с этим паразитом, изоамиловый спирт, трихлоруксусная кислота и 2,4-D (соль Na) 
оказались довольно эффективными. У корневых растений появлялась определенная 
деформация. В острых случаях химические вещества оказали вредное действие-на корневые 
растения. 
В Л И Я Н И Е АЗОТА НА У Р О Ж А Й T R I T I C A L E И НА С О Д Е Р Ж А Н И Е 
М И Н Е Р А Л Ь Н Ы Х В Е Щ Е С Т В 
К. П Р О Х А С К А , И. ЧЕРНИ, Б. Ф Е Х Е Р II. 
Изучалось влияние одностороннего применения азотного удобрения в возрастающих 
дозах на содержание главных макро- и микроэлементов, а также на у р о ж а й Triticale № 64. 
На основе экспериментов установлено, что одностороннее применение азотного удобрения в 
возрастающих дозах достоверно повысило содержание N, Мп и Mo в зерне Triticale, в то ж е 
время уменьшило содержание Ca и Zn. Содержание Р, К , Mg, Fe и Си в зерне не изменилось 
под влиянием азотного удобрения. В стеблях Triticale азотное удобрение изменило только 
содержание Mo и К , а именно: достоверно уменьшило в них содержание Mo и повысило 
содержание К. Под действием азотного удобрения урожай зерна и соломы достоверно 
повысился, что послужило причиной к повышению выноса микроэлементов из почвы. 
РОЛЬ В Е Л И Ч И Н Ы ЛИСТОВОЙ ПОВЕРХНОСТИ И ФОТОСИНТЕТИЧЕСКОЙ 
ПРОДУКТИВНОСТИ НА Н А К О П Л Е Н И Е СУХОГО ВЕЩЕСТВА В РАСТЕНИИ РИСА 
НГ'УЕН В А Н УЕН 
С точки зрения фотосинтеза и продукции сухого вещества можно различать две 
главные фазы вегетативного периода у растения риса: период быстрого увеличения по-
верхности листьев и период увеличенной фотосинтетической продуктивности. Большая 
часть сухого вещества накапливается в семенах риса в течение второго периода. Д л я того, 
чтобы получить высокий и с табильный урожай, азот должен использоваться для регуляции 
роста листовой пластинки в первом периоде, и фотосинтетнческой активности во втором 
периоде. 
О Т Н О Ш Е Н И Е МЕЖДУ ЭВАПОТРАНСПИРАЦИЕЙ РИСА И ИСПАРИТЕЛЬНЫМ 
АППАРАТОМ 
В. К. В А М А Д Е В А Н 
После двухлетнего изучения отношения между эвапотранспирацией и испаритель-
ным аппатаром—испаритель класса «А» и испаритель GGI 3000 — установлено, что отновю-
ние ЕТ/Е является почти постоянным для вегетативного и репродуктивного периодов, а 
также для периода созревания риса. Месячное и сезонное отношение «Ь рекомендуется для 
территорий подобных тем, которые были включены в эксперимент. Не было сигннфикант-
ного различия между испарителями класса «А» и GGI 3000. 
В Л И Я Н И Е ГАММА-ОБЛУЧЕНИЯ НА К О Л И Ч Е С Т В Е Н Н О Е И З М Е Н Е Н И Е 
С О Д Е Р Ж А Н И Я УГЛЕВОДОВ В ПРОРОСТАЮЩЕМ ГОРОХЕ 
Й. Ф Р А Н К , 3 . Л Е Н Д В А И 
Авторы исследовали влияние облучения на отношение между крахмалом и угле-
водами сахарного типа в семядолях гороха, в связи с началом прорастания. Установлено, 
что содержание всех углеводов в семенах увеличилось сразу на следующий день после 
облучения, но количество растворимых Сахаров уменьшилось на 25 процентов. За этим 
понижением следовало увеличение на 10 20 процентов, и на девятый день у всех обра-
боток растворимая углеводная фракция растений приблизилась к уровню сахара в необ-
работанных растениях, или достигла его. В критическое время прорастания, на пятый или 
шестой день после поглощения воды, гидролизирующая деятельность амилазного комп-
лекса сигнификантно увеличивалась, вследствие чего в обработанных сеянцах содержа-
ние сахара, относящееся на сухое вещество превзошло таковое у контроля на 2—8 про-
центов. Однако, на девятый день только у стимулирующих доз содержание углевода оказа-
лось большим, чем у контроля. 
ДЕЙСТВИЕ К О Р М Л Е Н И Я Р А З Л И Ч Н О Й ИНТЕНСИВНОСТИ НА РОСТ И 
С Е К С У А Л Ь Н Ы Е СПОСОБНОСТИ Б Ы К О В - П Р О И З В О Д И Т Е Л Е Й 
Й. ЦАКО, Г. в э с э л и 
Режим кормления одной из групп был на уровне, предписанным обоснованным 
стандартом (100 процентов), другой группе корма давали на 30 процентов меньше. Основы-
ваясь на результатах экспериментов, можно констатировать, что 30-проценгное умень-
шение уровня кормления в возрасте между 6 и 18 месяцами давало различие в весе тела, 
равное 10 процентам, 
Вследствие более бедного питания рост достоверно уменьшался, но относительны 
размеры тела в экспериментальной группе оказались более благоприятными. Уменьшенп 
уровня питания не оказало действия на скорость и ритм роста, количество и качество спер-
мы и эякуляционную способность. Л у ч ш е е переваривание корма было у 70 процентов груп-
пы, причем различия по легкоусвояемому белку р а в н я л и с ь 20 процентам, а по крахмалу 
соответственно 25 процентам. 
О Н Т О Г Е Н Е Т И Ч Е С К О Е И З У Ч Е Н И Е РОСТА Н Е К О Т О Р Ы Х С О Р Т О В РАЙГРАССА 
ПО С Р А В Н Е Н И Ю С Я Ч М Е Н Е М 
М. ЭЛЬ-КАДИ, А. РААФАТ, С. X . ЭЛЬ-ГХАИТИ 
Растения я ч м е н я достигали своей максимальной высоты через 101 д е н ь после посева, 
в то время как райграссы к этому ж е времени достигали только 1/3 1/2 своей полной вы-
соты. Ячмени сильно превосходили райграссы по площади листьев до 101 дн. после посева. 
Количество листьев, число побегов и площадь листьев достигали максимума у ячменя 
раньше , чем у райграссов, в то время к а к максимальная кустистость у райграссов была 
выше, чем у ячменя. Ячмень цветет на 8 - 10 дней раньше, чем сорта р а й г р а с с а . Сухой вес 
растения ячменя, т а к ж е как и сравниваемые его части, сильно превосходили райграссы в 
период до 101—111 дней, в то время к а к сорта райграсса достигали максимальных показа-
телей позже, при этом сорта Westerwolds и Tetrone превосходили сорт N o r m a l . Максималь-
ный сухой вес райграсса был получен тогда, когда растение достигло максимального ку-
щ е н и я , исключение составил сорт Westerwolds . 
И С С Л Е Д О В А Н И Я С Е М Е Н Н О Й О Б О Л О Ч К И И П Р О Р А С Т А Н И Я С Е М Я Н Р А С Т Е Н И Й 
П У С Т Ы Н И 
1. Структура семенной оболочки У некоторых Asclepiadaceae 
Д Н. СЕН 
Автор связал с т р у к т у р у зрелых с е м я н 4 видов семейства Asclepiadaceae с их поведе-
нием во время проростания . Семена у Leptadenia pyrotechnica имели с а м у ю слабую по 
структуре , семенную оболочку, и следующими за ними оказались семена Calotropis procera. 
Семена Pergularia daemia имеют утолщенные волоски, которые выбывают некоторую за-
д е р ж к у в поглощении воды. Семена C.rypiosiegia grandiflora не имели какую-либо слож-
ную структуру, но прорастание совершалось успешнее в полной темноте. Н и у одного 
из этих видов не было периода п окоя у семян с твердой семенной оболочкой. 
В Л И Я Н И Е В Л А Ж Н О С Т И П О Ч В Ы НА Н Е С И М Б И О Т И Ч Е С К У Ю 
Ф И К С А Ц И Ю АЗОТА 
С. А. 3. М А Х М У Д , А. Н. И Б Р А Х И М 
Оптимальный уровень влажности д л я роста и быстрого размножения азотобактера 
на суглинистой почве оказался равным 50 75 процентам водоудерживающей способ-
ности почвы. Общее число увеличивалось с увеличением влажности и максимальное 
количество их было получено при 100-процентной водоудерживающей способности почвы. 
Количество общего азота заметно увеличивалось при 25, 50 и 75 процентах водоудер-
живающей способности почвы. С другой стороны, обнаружена заметная потеря азота при 
100-процентной водоудерживающей способности почвы. Тем не менее, максимальный 
прирост азота был о б н а р у ж е н при 50-процентной водоудерживающей способности и этот 
факт находился в соответствии с максимальной скоростью разложения органического 
вещества. 
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CONTRIBUTION TO THE ANATOMY OF CAPSICUM 
ANNUUM L. 
I I I . C O M P A R A T I V E S T U D Y OF T H E E N D O C A R P 
B y 
I . K O N E C S N I 
CENTRAL OFFICE OF FOOD-INSPECTION AND CHEMICAL ANALYSIS INSTITUTES, 
QUALIFYING DEPARTMENT, BUDAPEST 
The e i idoca rp of the f r u i t wa l l w as examined in va r ious red p e p p e r a n d food-
p a p r i k a var ie t ies . T h e r e are two k i n d s of endocarp cells. T h e r e are sclereids a m o n g the 
th in -wa l l ed p a r e n c h y m a cells. T h e p i t t e d th ick-wal led sclereids f o r m cell g roups in 
t h e endocarp . Sc lere ids on veins c a n m o s t l y he found s c a t t e r e d , in smal l g r o u p s . The 
a v e r a g e size a n d s h a p e of sclereids a n d sclereid g roups f o u n d in the m o s t i m p o r t a n t 
r e d pepper and food -pap r ika v a r i e t i e s were de t e rmined . 
Introduction 
The anatomical knowledge of the endocarp (inner epidermis of the 
fruit wall) of paprika is still highly insufficient. Its general description can 
he found in works by AUGUSTIN ( 1 9 0 7 ) , G A S S N E R ( 1 9 5 5 ) , H A Z S L I N S Z K Y — 
T A K Á C S ( 1 9 6 0 ) , O B E R M A Y E R — M Á N D Y B E N E D E K ( 1 9 5 5 ) , SOMOS ( 1 9 6 6 ) , e t c . 
In these works only a short description of the endocarp is given, and differ-
ences between paprika varieties are not discussed. 
M O D O R ( 1 9 4 6 ) was the first to make a more thorough comparative 
study on the fruit-wall (pericarp) of paprika. His aim was to differentiate 
milled red pepper and food-paprika varieties by microscopic examination. 
He found differences between the varieties in the development of endocarp 
sclereids and the shape and size of cell groups. Sclereid groups were found 
to be longitudinally elongated in the food-paprika and red pepper varieties, 
while circular or elliptical in the pimiento and cherry-pepper. However, no 
closer data were presented on his investigation results. 
In our papers published recently ( K O N E C S N I 1 9 5 9 , 1 9 6 4 ) differences 
of sclereids in the endocarp of paprika varieties were also mentioned. One 
of the most recent studies is a paper by P L A V S I C - G O J K O V I C ( 1 9 6 0 ) in which 
the author presents a very precise description of the fruit-wall of various 
Yugoslavian red pepper and food-paprika varieties, and the measurement 
results of cells in certain tissues. G Ö R G É N Y I ( 1 9 6 5 ) carried out detailed evolu-
tionary studies on the pericarp tissues of food-paprika varieties. 
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Material and Method 
The papr ika f r u i t s examined o r i g i n a t e d f rom t h e fo l lowing i n s t i t u t i o n s : a) Na t iona l 
i n s t i t u t e of A g r i c u l t u r a l Var ie ty Tr ia l s , Szeged and B u d a t é t é n y ; b) I n s t i t u t e of A g r o b o t a n y , 
T á p i ó s z e l e : с) A g r i c u l t u r a l E x p e r i m e n t a l I n s t i t u t e of Dé la l fö ld , Red P e p p e r Breeding and 
P r o d u c t i o n Group, S z e g e d : d) A g r i c u l t u r a l E x p e r i m e n t a l I n s t i t u t e of D u n a — T i s z a köz. Red 
P e p p e r Breeding a n d P r o d u c t i o n D e p a r t m e n t , Kalocsa. 
Material w h e n col lected was f i x e d a n d preserved in 50 per cent a lcohol . F r o m the pre-
s e r v e d mater ia l s e c t i o n s a n d sk inned p r e p a r a t i o n s were m a d e wi th h a n d t e c h n i q u e . Micro-
s c o p i c p repara t ions w e r e preserved p a r t l y uns ta ined in g lycer ine gelat ine, p a r t l y s ta ined wi th 
m a l a c h i t e green a n d e m b e d d e d in w a t e r soluble s y n t h e t i c res in (po lyv iny l a lcohol) (SPURH 
1954) . The malach i te g r een caused an i n t e n s i v e co loura t ion of t h e l ignified p a r t s (SÁRKÁNY— 
SZAKAI 1964), so t h e l a t t e r could be eas i ly d i f f e ren t i a t ed f r o m t h e u n s t a i n a b l e cellulose-walled 
p a r e n c h y m a cells. 
For microscopic examina t i on h a n d - m a d e p r e p a r a t i o n s of the inner e p i d e r m i s and vein 
e p i d e r m i s of f ru i t -wa l l s of 9 red p e p p e r , 15 f o o d - p a p r i k a , 3 che r ry -peppe r a n d 3 so-called 
ch i l l i -pepper var ie t i es were used. 
The photos m a d e of the sk inned p r e p a r a t i o n s are d i f f e r e n t l y m a g n i f i e d . T h e photos of 
t h e sclereid groups a r e magni f ied to a lower ( 8 0 x ) whi le t h o s e of the s h a p e of sclereids t o a 
h i g h e r ex ten t (190 X ) . 
Taxonomic d e t e r m i n a t i o n of p a p r i k a varieties was car r ied out on t h e hasis of works 
b y M Á N D Y ( 1 9 4 6 ) a n d T F . R P Ó ( 1 9 6 5 ) . 
Results 
The inner epidermis (endocarp) of the paprika fruit-wall consists of 
a one cell layer with two types of cells. The basic tissue is built of thin paren-
chyma cells with slightly undulating walls in most cases. These cells are either 
longitudinally somewhat elongated, or isodiametrical. The material of the 
cell-wall is cellulose. Minor differences between the varieties cannot be deter-
mined in milled paprika samples. Namely, cells withered during the process 
of drying are completely destroyed by milling. 
The parenchyma epidermis cells adjacent to the giant cells are replaced 
by sclereids considerably thickened at the radial side. The giant cells are 
cells of conspicuously increased size below the inner epidermis. Their length 
may be as much as 2 4 mm, and width 0.6 —0.8 mm. One side of the giant 
cells is in direct contact with the inner epidermis ( F R I D V A L S Z K Y N A G Y 1 9 6 6 ) .  
Walls of surface epidermis cells adjacent to the giant cells are thickened and 
lignified. Material transport between the lignified cells on the one hand, and 
between lignified cells and giant cells on the other, takes place through tiny 
pits. From a top-view these pits can be seen on the tangential walls of cells 
as tiny dark spots. On the considerably thickened and lignified radial walls 
thickening is frequently broken by the pits. Owing to the pits standing oppo-
sitely the cell-wall looks like a string of beads. 
In most paprika varieties the lignified sclereids form long stretched 
cell groups on the fruit wall. The shape and size of cell groups depend on the 
giant cells below them and may be characteristic of the variety group. 
On the dividing walls ("veins") developed along the interlacing of 
carpels, lignified cells are also to be found. However, on veins they do not 
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develop in regular groups, but in long strips, scattered in smaller or larger 
irregular loose groups or one by one. Towards the edges of veins the number 
of sclereids gradually decreases, and in certain varieties (e.g. kalinkói) at the 
edges the sclereids are completely missing. Similarly, on the veins of cherry-
peppers hardly any sclereids can be found. 
The shape of the epidermis sclereids of veins is generally similar to those 
in the fruit-wall. They are mostly elongated (Fig. 11), but very often almost 
isodiametrical irregularly angular sclereids and sclereid groups can also he 
found (Fig. 12). 
Shape, thickening and extent of lignification of endocarp sclereids are 
characteristic of the variety or variety group. 
Diagnostic characters and other features of the various variety groups 
are presented subsequently on the basis of our investigations and measure-
ments. 
I. 
Capsicum annuum (L.) сопл ar. longum (DC.) provar. rectum Fingerh. 
red peppers 
Varieties examined: E 15, Sz 4 7 - 2 5 , Sz 4 7 - 1 3 7 , Sz 48 163, Dokomiási 
2710, Várszegi, F 03, К 567, Sz 54 6. 
On the inner fruit-wall of red peppers the sclereids form mostly regular, 
long-stretched, spear-shaped groups. The edges of the schreid groups can 
be clearly distinguished from the adjacent parenchyma cells. They are rather 
close spaced (Figs 1, 2, 3). The group sizes of the most important varieties 
averaged from 20 measurements each, are shown in Table 1. 
Sclereids are elongated, mostly of irregular brick-shape with slightly 
undulating thick cell-walls (Figs 7, 9). With 600X magnification we counted 
the cells in 10 20 visual fields. Namely, sclereids are of very different size, 
so measuring them one by one gives — even in case of a series of measure-
ments — highly subjective results. Therefore we considered it more adequate 
to count, and calculate respectively, the number of cells found in 1 mm2. 
Average numbers thus obtained in some varieties are presented in Table 1. 
I I . 
Capsicum annuum (L.) сопл'аг. longum (DC.) — food paprika varieties 
лукЬ oblong fruits. 
Varieties examined: Hatvani, Elefántormány, Kosszarvú, Szerecsen-
paprika, Sárgapaprika. 
Sclereid groups are long, пагголу, spear-shaped. In certain varieties 
the edges of groups are indistinct or broken. In the variety Elefántormány 
the sclereid groups are sometimes adjoining. In other \-arieties (e.g. Kosszarvú) 
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Fig. 2. E n d o c a r p of the n o n - h o t red pepper va r i e ty Szegedi 47— 25. 80X 
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Fig. 1. E n d o c a r p of t he r e d pepper v a r i e t y Kalocsai E 15. 80 X 
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Fig. 3. E n d o c a r p of the ho t r e d pepper va r i e ty Szegedi F 03. 80 X 
Fig. 4. E n d o c a r p of t he p a p r i k a var ie ty Cecei édes 3. 80 X 
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Fig. 6. E n d o c a r p of the S á r g a lecsüngő " C h i l l i " papr ika . 80 
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Fig. 7. Sclereids in the h o t r ed pepper var ie ty Szegedi F 03. 1 9 0 x 
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Fig. 8. Sclereids in the food p a p r i k a var ie ty Cecei édes 3. 190 X 
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Table 1 
Measurements of sclereid groups and numbers of sclereids in various paprika varieties 
Variety 
Sclereid groups Number of sclereids 
group Variety lengtli 
m m 
width 
m m 
per mm2 average 
E 15 2.86 0 .33 590 
I . Sz 4 7 - 2 5 2.95 0.31 609 609 
Sz 4 8 - 1 6 3 3.03 0.30 627 
Hatvani 3.45 0.30 682 
I I . E le fán to rmány 3.75 0.25 437 604 
Kosszarvú 3.43 0.20 694 
Cecei édes 4.10 0.44 433 
I I I . Tokodi édes 3.00 0.31 572 570 
Bogyoszlói 3.67 0.44 716 
Kalinkói zöld 2.25 0.45 454 
IV. Ű j édes m a m m u t 2.32 0.52 610 526 
Szentesi 2.41 0.48 513 
Paradicsom a l a k ú zöld 1.90 0.56 590 • 
V. Paradicsom a l a k ú fehér 1.84 0.56 410 505 
Narancssárga parad icsom 1.80 0.53 515 
Szegedi apró cseresznye 0.68 0.37 460 
V I . Szegedi nagy cseresznye 0.73 0.39 490 491 
Tétényi apró cseresznye 0.80 0 .41 522 
Sárga "Chi l l i " 2.39 0.18 496 
V I I . Kínai "Chi l l i " 2.12 0.16 560 525 
J a p á n H o n t a k a 1.95 0.15 520 
they arc scattered. Cells are mostly elongated with undulating cell-walls 
(Kosszarvú, Elefántormány) or less undulating ones (Szerecsenpaprika). 
IIT. 
Capsicum annuum (L.) convar. grossum (L.) Terpo - food paprika varieties 
with conic fruits. 
Varieties examined: Cecei édes 3, Tokodi édes, Bogyiszlói. 
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Fig. 9. Sclereids in the red p e p p e r var ie ty Kalocsai E 15. 190X 
10. Sclereids in t h e cherry-pepper v a r i e t y Tétényi a p r ó cseresznye. 190 X 
Acta Agronomien Acadrmiae Scientiarum Hungitricae, 20 19 
1 2 1. KONECS ч 
Fig. 12. Sclere ids in the ve ins of the red pepper va r i e ty Kalocsai E 15. 80 
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Sclereid groups are elongated, with irregular, indistinct (Cecei édes 3) 
or sharp (Bogyiszlói) edges. Cell groups are sometimes densely spaced, some-
times rather scattered. 
In the variety Cecei édes 3 there are two types of sclereids: one of them 
is hardly elongated, large with a very undulating cell-wall (Fig. 8) the other 
is straight, elongated with rather thick cell-wall. 
IV. 
Capsicum annuum (L.) convar. grossum (L.) Terpo provar. grossum 
(L.) Sendt •— food paprika varieties wi th cylindrical fruits . 
Varieties examined: Kálinkéi zöld, Lj édes mam mut, Szentesi, Kali-
forniai Wonder. 
Sclereid groups are broad and shorter than those in the long berried 
paprika varieties. The edges of sclereid groups are sometimes indistinct, 
sometimes sharp (Fig. 5). I n some places many smaller sclereid groups and 
irregularly scattered sclereids can he found. 
The sclereids are somewhat elongated, their thick cell-Avails are in most 
cases slightly lignified. Cell-walls are twisting, sometimes foiled and interlaced. 
V. 
Capsicum annuum (L.) convar. grossum (L.) Terpo provar. tetragonum 
Miller food paprika varieties with tomato-shaped frui ts . 
Varieties examined: Paradicsomaiakii zöld, Paradicsomalakú fehér, 
Narancssárga paradicsompaprika. 
Sclereid groups are well-developed, short and broad, sometimes almost 
egg-shaped. The groups are close spaced. Edges are sometimes indistinct, 
sometimes stand out in sharp contrast to the parenchyma cells. 
Sclereids are mostly isodiametrical, irregular, somewhat elongated. 
Cell-walls are highly undulating, at some places foiled. Thickening, and es-
pecially lignification are of low extent. 
VI. 
Capsicum annuum (L.) convar. annuum (L.) provar . cerasiforme (Mill.) 
Irish — cherry-peppers. 
Varieties examined: Szegedi apró, Szegedi nagy, Tétényi apró. 
Sclereid groups are small, oval or irregular shaped, sometimes close 
spaced. Edges are winding, lobular or broken (Fig. 10). 
The shape of the sclereids is highly varied, winding, lobular. Cell-walls 
are considerably thickened and lignified. Owing to the twisted, lobular cell-
wall the cave of the sclereid is very narrow. 
Acta Agronomien Academiar Scienliarum Hungaricae 20, 1971 
1 4 I. K O N K C S M 
VII. 
Capsicum annuum (L.) convar. longum (DC.) provar. acuminatum Fin-
gerh — exotic "Chilli" peppers. 
Varieties examined: Sárga chilli, Kinai chilli, Japán Hontaka. 
Sclereid groups are very densely spaced. Their shape is oblong, narrow, 
almost threadlike. Edges stand out sharply (Fig. 6). 
Sclereids are elongated with undulating or straight cell-walls. 
Table 2 
Mean values of sclereid group measurements, deviation from the mean and significant 
differences in various paprika variety groups 
Variety 
Sclereid g r o u p s 
average deviation from t h e m e a n 
g r o u p 
length width ' length width 
m m mm mm m m 
I . 2 . 9 5 0 . 3 1 0 . 0 8 0 . 0 2 
I I . 3 . 5 4 0 . 2 5 0 . 1 8 0 . 0 5 
I I I . 3 . 5 9 0 . 4 0 0 . 5 5 0 . 0 7 
IV. 2 . 3 3 0 . 4 8 0 . 1 8 0 . 0 4 
V . 1 . 8 5 0 . 5 5 0 . 0 5 0 . 0 2 
VI . 0 . 7 4 0 . 3 9 0 . 0 6 0 . 0 2 
V I I . 2 . 1 5 0 . 1 6 0 . 2 2 0 . 0 2 
s .d . 5 % 0 . 4 5 0 . 0 7 
6
 О 
Fig. 13. Average sizes of the largest endocarpic sclereid groups of p a p r i k a var ie ty groups as 
magni f ied 1 0 x . 1. R e d peppers; 2. F o o d paprikas w i t h oblong f rui ts ; 3. F o o d paprikas w i t h 
conical f rui ts ; 4. F o o d paprikas w i t h cylindrical f r u i t s ; 5. T o m a t o - s h a p e d food p a p r i k a s ; 
6. Cher ry-peppers ; 7. " C h i l l i " peppers 
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We performed at least 20 sclereid group measurements and sclereid 
countings each in endocarp preparations of 21 of the 30 paprika varieties. 
The mean values of the measurements are contained in Table 1. The mean 
values of the sclereid groups in the different variety groups as well as devia-
tions from the mean and significant differences are given in Table 2. The 
average size of the most developed sclereid groups in the different variety 
groups is seen in Fig. 13. 
Data of tables and figures prove tha t sclereids and sclereid groups 
in the fruit-wall endocarp of different paprika variety groups are characteristi-
cally differing from one another. On the hasis of the shape and thickening 
of sclereids a paprika variety can be determined even in milled samples. 
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CHEMICAL WEED CONTROL OF SORGHUM VARIETIES 
IN HUNGARY FROM 1955 TO 1970 
By 
E . K Ü K E D I 
AGRICULTURAL RESEARCH INSTITUTE OK THE HUNGARIAN ACADEMY OF SCIENCES, MARTONVÁSÁR 
This p a p e r summar izes t h e r e su l t s and e x p e r i e n c e s ob ta ined f r o m 1955 to 1970 
in t h e chemica l w e e d control of S o r g h u m varieties ( S o r g h u m vulgare v a r . frumentaceum, 
Sorghum vulgare v a r . saccharatum, Sorghum vulgare v a r . sudanense). E x p e r i m e n t s 
p e r f o r m e d so f a r , a n d exper iences ga ined in f a r m s , s h o w t h a t in wel l p rese rved soils 
of n o n - e x t r e m e t y p e Atrazin a n d R a m r o d are t h e m o s t sui table fo r t h e weed con t ro l 
of gra in s o r g h u m variet ies . U n d e r H u n g a r i a n c o n d i t i o n s the o p t i m u m dose is 4 + 4 
k g / h a . W i t h s w e e t sorghum t o o , A t r a z i n has been a p p l i e d wi th good r e s u l t s (5 kg /ha) . 
W h e n sp ray ing s t a n d s 2.4 D c a n b e used in a dose of 1.75 kg/ha fo r t h e weed cont ro l 
of S u d a n grass . 
Introduction 
In the last two decades extensive herbicide research has been carried 
on all over the world at a rapid rate , and this work has already yielded impor-
tant results. It is only natural t h a t research work has started with Sorghum 
species too, as they are extremely sensitive to weeds. During the last ten 
years a considerable progress has also been shown in this respect in the published 
data of world literature and in exchanges of experiences. This fact is proved 
also by Hungarian experiences. According to the data of foreign literature 
— ( A L B E R T 1 9 6 1 , A L K Ä M P E R 1 9 6 2 , B U R N S I D E et al. 1 9 6 4 , C H E S A L I N et al. 
1 9 6 2 , H U G U E S 1 9 6 3 , K N A C K E et al. 1 9 6 5 , P H I L L I P S et al. 1 9 6 4 , S A R P E et al. 
1 9 6 7 , SOLOV'EV 1 9 5 6 , STICKLER 1 9 6 4 , STORCHEVOY 1 9 5 9 , R O B I N S O N et al. 
1 9 6 0 , W I E S E et al. 1 9 5 9 , V I T R A C 1 9 6 1 ) and the results of investigations 
carried out in Hungary ( K Ü K E D I 1 9 6 2 , 1 9 6 5 , SOMOGYVÁRI 1 9 6 4 , SZIGETHY 
1 9 6 4 , T Ó T H 1 9 6 4 ) Atrazin and Propazin of the triazine derivatives as well 
as 2.4-D seem to he suitable for the weed control of Sorghum species. U E R I Z S Y 
( 1 9 6 9 ) remarks, however, that the latter causes pathological lesions when 
it gets into animal organisms. In some fields problems which are expected 
to cause serious difficulties in the future were raised in the last decade, of 
which the most important ones can be summarized as follows: 
1. Owing to a regular application of herbicides with a triazine base 
some monocotyledonous weed species, such as Setaria glauca, Setaria viridis 
as well as Echinochloa crus-galli have overgrown certain areas. 2. Among 
the dicotyledonous weeds the spreading and control of Convolvulus arvensis, 
Cirsium arvense, Rubus caesius, Lepidum draba etc. give more and more 
trouble. 3. Due to the extreme weather conditions and frequent droughts 
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in Hungary, weed control is much less effective than in countries with more 
favourable, well distributed precipitation. 4. Considerable differences depend-
ing on the types of soil are also found. In heavy soils the weed killing effect 
required can be attained only by increasing the doses of triazine based herbi-
cides, but in this case the danger of causing injuries to Sorghum increases as 
well. On drift-sands and light sandy soils, in the case of pre-emergent appli-
cation, wind erosion and a possible resulting failure of chemical weed control 
must be reckoned with. Weed killing effect is similarly uncertain 011 meadow 
clay soils and alkaline areas. 5. As to herbicide sensitivity, there are differences 
between species, and even between varieties. 6. Some of the cliloro-amino-
triazine based herbicides have after effects for several years, which makes 
it difficult to choose the right succession of plants. 7. I t is not only chlorinated 
hydrocarbons used earlier for soil disinfection, bu t also certain herbicides 
that cause damage to health. For example, according to examinations per-
formed in Hungary 2.4-D caused lesions of the liver, loss of weight and de-
creased the iodine binding ability of the thyroid gland in the experimental 
animals. Some of the questions raised made it necessary to continue the examin-
ations started in 1955. 
Material and Method 
E x a m i n a t i o n s were carr ied on b e t w e e n 1955 and 1970 a t the Agr icu l tura l Research 
I n s t i t u t e of the H u n g a r i a n Academy of Sciences, M a r t o n v á s á r on the chernoz iem soil of a 
f o r m e r fores t . Most of t h e exper iments were laid out in a r a n d o m block des ign in fou r repli-
ca t ions , mos t ly in plots of 10—20 m2. F a r m experiences were ga ined , on the o t h e r h a n d , f rom 
e v e r y p a r t of the coun t ry . Dur ing the pa s t 15 yea rs mainly herb ic ides of the f i r m Geigy (Atrazin, 
P r o p a z i n , Simazin, A m e t r i n , P romet r in , A 1403, A 1798, A 1802, A 3620, I g r a n e tc . ) as well 
as t h e H u n g a r i a n made H u n g a z i n P K (At r az in ) and Hungaz in D T (Simazin) were examined 
in t h e exper iments , b u t , in addi t ion , the fol lowing herbicides were also tes ted: A f a l o n , Aresin, 
K a r m e x , Lasso, R a n d o x , R a m r o d , 2.4-D a n d A 2918. Doses r a n g e d between v e r y w ide limits 
(1—15 kg ha). Spraying was carried out in t h e a u t u m n , in sp r ing a f t e r soil p r e p a r a t i o n , imme-
d ia t e ly a f t e r sowing a n d pos t -emergent ly ( the l a t t e r in an 8—15 c m high p l an t s t a n d ) . Detailed 
s tud ies were only pe r fo rmed , however , wi th t h e supposedly pe rspec t ive herbic ides , while those 
wh ich proved to be w r o n g w i t h regard to weed killing ef fec t , or caused a n y i n j u r y , were at 
once excluded f rom the exper iments . So it was eventual ly w i t h At raz in a n d 2 .4 -D t h a t the 
m a j o r i t y of the expe r imen t s was carried ou t . 
A m o n g grain s o r g h u m variet ies ma in ly t h e American N K 120 a n d N K 125 were examined, 
b u t in addi t ion to these E a r l y Hegari as well as some non-cer t i f i ca ted hyb r id s p roduced in 
H u n g a r y were also inc luded in a n u m b e r of exper iments . A m o n g sweet s o r g h u m varieties 
E a r l y S u m a c and S u m a c were used in t he exper iments . 
Among Sudan grass var ie t ies t he c o m m o n Sudan grass, t h e sweet Sudan g ra s s and the 
f i r s t H u n g a r i a n hybr id S u d a n grass ( H y b a r Mv 301) were e x a m i n e d . 
Considering t h a t meteorological cond i t ions have a g r e a t influence on t h e results of 
e x p e r i m e n t s , it is necessa ry t o ment ion t h e m o s t i m p o r t a n t of these (average of 40 years). 
Accord ingly , t e m p e r a t u r e va lues in the 12 m o n t h s of the y e a r were as follows: 
I . I I . I I I . IV. V. VI. V I I . V I I I . I X . 
— 1.9 — 0.3 5.2 10.1 15.9 19.1 21.5 20.7 15.7 
X. X I . X I I . 
10.6 4.6 0.2 °C 
while t he amoun t s of p rec ip i t a t ion were: 
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I. 
31 
I I . 
31 
I I I . IV . V. V I . VII . V I I I . I X . 
39 46 66 62 50 52 52 
X . X I . XI I . M e a n 
53 46 43 571 m m 
In connect ion wi th the p rec ip i t a t ion data i t s h o u l d be noted t h a t t hough the a m o u n t s 
would be sa t i s fac to ry f r o m the p o i n t of view of e f f i c i en t weed control, t h e of ten u n f a v o u r a b l e 
d i s t r ibu t ion — spr ing droughts m a k e s s u p p l e m e n t a r y hoeing ind ispensable . 
Results and experiences gained in experiments performed with 2.4-D 
(dichloro-phenosy-acetic acid), one of the best known hormone-based her-
bicides, are dealt with first. In his paper published in 1965 the author has 
already written about the serious injuries caused to the roots of Sumac by 
2.4-D. Recent examinations have shown similar injuries both in grain sorghum 
and Sudan grass varieties (Figs I, 2). In addition, both when sprayed af ter 
soil preparation in spring and in case of a pre-emergent application 2.4-D 
was found to cause a decrease in plant number in the grain sorghum stand 
(1968). The percentage compared with the hoed control (100 plants) was 
46.07% with a dose of 2 kg/ha, while it w as only 38. 67% with 4 kg/ha. In 
the latter treatment 61% of the plants were killed. On areas sprayed af ter 
soil preparation in spring, percentage values were 51.68 and 29.86% respec-
tively w ith the same doses. Consequently, under rainy conditions 2.4-D applied 
at the mentioned times causes serious damages. On the other hand, in dry 
weather no damage is done, and the lodging of the plants, which very often 
occurs when roots are affected does not have to be reckoned with. 
Post-emergent spraying did not cause losses either in grain sorghum, 
or sweet sorghum, or even in the Sudan grass varieties. I t s precondition is 
to wait until the plants reach a height of 10—15 cm and the roots are not 
located in the upper 4 — 5 cm soil layer bu t penetrate deeper than herbicide 
level. In hot weather (above 25 °C), however, rolling and deformation may 
occur in leaves, bu t if the weather is not extreme the plants recover in 8 —10 
days. In spite of all this, according to experiences gained so far, 2.4-D can be 
used in the weed control of Sudan grass varieties. The necessary dose is 1.75 kg/ 
lia, and spraying should be carried out at a time when plants are 10—15 cm 
high. In this way Sudan grass varieties are helped through the period when 
they are apt to become overgrown with weeds, while later, after 4—6 weeks, 
they do not need any care. Namely, some 4 — 6 weeks af ter sowing Sudan 
grasses are highly suitable for suppressing weeds. In well preserved soils 
sowing after maize treated with Atrazin in the previous year may be successful, 
provided it is not monocotyledonious weeds which are the dominating species. 
Nevertheless, the main points should be —• if it is possible at all — to sow 
in a well preserved soil and to prepare the soil with the greatest care in order 
Results 
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Fig. 1. Lef t : i n j u r e d sweet S u d a n grass roots t r e a t e d with 1.75 k g / h a 2.4-D: right: u n t r e a t e d 
ones. S p r a y i n g : May 29. 1966. Exposure: J u l y 18 
Fig. 2. Lef t : g r a i n sorghum r o o t s damaged by 1.75 k g / h a 2.4-D; r i g h t : untreated ones . Spray-
ing: M a y 29; 1966. E x p o s u r e : Ju ly 18. 1966 
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Fig. 3. Le f t : S w e e t Sudan grass t r e a t e d with 1.74 k g / h a 2.4-D: r i g h t : control . S p r a y i n g : 
June 16. 1958. Exposure: J u n e 20. 1958 
to ensure weed-free conditions. Herbicides should be applied only when t h e 
future of the Sudan grass stand is endangered by weeds (Fig. 3). 
The best method is, however, not to grow sorghums on areas overgrown 
with weeds. 
Plant protection in grain and sweet sorghum stands cannot he confined 
to applications of 2.4-D, as under Hungarian conditions the effect of Dikonirt 
lasts only for 4 — 6 weeks. If this herbicide is used, the necessity of hoeing 
should be taken into account. The fact that 2.4-D has no effect on monocotyle-
donous weeds should also he taken into consideration. 
Atrazin is the herbicide which has so far been used the most extensively 
and reliably for chemical weed control in grain sorghum and sweet sorghum. 
With the exception of extreme weather conditions and certain soil types 
(alkaline soil, heavy meadow clay, drift sand) its weed killing effect is always 
satisfactory, and — when used in the right dose and at the right time it 
does not cause damage. Under the given conditions yields were mostly equal 
to those of the hoed control. I t has a satisfactory weed killing effect on dico-
tyledonous weeds, and, when used in a dose of 8 kg/ha, is effective against 
monocotyledonous weeds as well. Owing to the herbicide sensitivity of sorghums 
this dose cannot, however, be used. Such a dose is disadvantageous if only 
because of its increased after-effect. Under t he given conditions, on a cher-
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Fig. 4. 5 k g / h a pre-einergeiit A t r a z i n t r e a t m e n t of grain so rghum. Exposure: J u n e 27. 1969 
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iioziem-type soil 4 -5 kg/ha is the dose that has not caused any damage 
so far. There were droughty springs, when even a 15 kg/ha close did not cause 
any decrease in the number of plants, bu t in such cases the weed killing 
effect was unsatisfactory and the plants even had to be hoed. 
As to the time of spraying, favourable results were obtained with spraying 
in the autumn (5 — 6 kg/ha). In this case, however, doses of 3 — 4 kg/ha proved 
to he too small. Spraying carried out in spring after soil preparation, immedi-
ately before solving gave extremely good results in 1969. True, in t ha t year 
the distribution of precipitation was very favourable and the growing area 
was well preserved. In these treatments as well as in the case of a pre-emergent 
application plots were almost completely weedless (Fig. 4). A similarly good 
result was obtained in 1966 (Fig. 5). According to observations made so far 
the most careful possible soil preparation followed by an adequate amount 
of favourably distributed precipitation are the basic conditions for successful 
weed control. Otherwise a supplementary hoeing is indispensable. 
A further difficulty involved in using Atrazin for weed control — especial-
ly in the case of a pre-emergent application is t ha t seeds sown at a 
depth of 2 — 3 cm only may be damaged. This occurs mainly in sandy soils, 
but may occur in lighter chernoziem soils of a relatively loose structure as 
well, if in the period after sowing 15— 20 cm or more rain falls in one day. 
On the other hand, when the roots have already passed through the upper 
layer where herbicides are found, no damage is ever done. Experiences show 
that the extent of destruction has never exceeded 10 —15%. 
In the case of pre-emergent application reduction in the number of 
plants need not be reckoned with. Here the only difficulty is caused by 
the fact that by the t ime sorghums reach a height of 10 cm — especially 
in cold springs — weeds too become strong and resistant and can only 
partly be destroyed with an Atrazin dose of 4 kg/ha. No doubt, in sandy 
soils where the danger of destruction is considerable, this mode of appli-
cation may be successful. When spraying stands, not more than 3 kg/ha 
should be used. 
In sorghum stands free of weeds the time of spraying also has great 
importance. A good example is the year 1969, when in the post-emergent 
treatments nearly all plots were entirely' weedless. Against monocotyledonous 
weeds, however, Atrazin gives no adequate protection even when applied 
in a dose of 4—5 kg/ha. 
On such areas only combined chemicals (Ramrod) or a supplementary 
hoeing can help. The economy of the latter is, however, highly question-
able. In the case of a labour shortage the combination of Atrazin — Ramrod 
can thus be used with advantage (4 + 4 kg/ha in spring, after the soil prepa-
ration). In certain cases, with a plant height of 10 —15 cm the combination 
of Atrazin (3 kg/ha) + 2.4-D (1.5 kg/lia) may offer some help. Experiences 
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gained in the last few years showed that chemical weed control in sorghum 
was not always successful with Atrazin applied by itself. 
Results obtained by using the Hungarian-produced Hungazin P K 
(Hungarian Atrazin) correspond to those described with Atrazin, so it will 
not be separately discussed here. 
Sorghums are much more sensitive to Simazin and the similar Hungazin 
l)T than to Atrazin, therefore after 2 years they were not tested fur ther . 
Sorghums are seldom tolerant to 4 kg/ha doses of Ametrin and Prometrin, 
and are highly sensitive even to their combinations, although the weed killing 
effect of these chemicals is very good. Considering that these herbicides too 
caused damages and losses in the experimental years they- were not tested 
any longer. 
The Geigy herbicides: Propazin, A 1403, A 1798, A 2099 exerted a satis-
factory weed killing effect, bu t did not surpass the effect of Atrazin. Thev 
sometimes slowed down the growth of grain sorghum varieties for 8— 10 
days, therefore these herbicides were excluded from the experiments. 
On the other hand, the herbicide A 3620 sent last year for testing seemed 
to be promising in the 1969 experiments. Its final evaluation, however, requires 
further investigations. 
Igran did not come up to expectations. I ts weed killing effect was much 
weaker than t h a t of the Atrazin, and in the case of post-emergent application 
it retarded the growth of grain sorghum for 8 10 days. However, it never 
destroyed the plants. This htrbicide will not have any special importance 
in the weed control or sorghums. 
Among herbicides other than Gcigy's, Ramrod appears to be the most 
promising. Since it is highly effective against some monocotvledonous 
weeds, such as Setaria species and Echinoclila crus-galli its being added to 
other chemicals is expected to be advantageous. When used with Atrazin 
the recommended dose is 4 kg/ha of cach applied in spring af ter soil prepara-
tion, immediately before sowing. 
Lasso applied to grain sorghum gave fairly good results in 1968, while 
in 1969 Ramrod was superior. Thus, it is on the latter combination that a 
detailed study is considered to be necessary. 
In 1966 Aresin reduced the number of plants in grain sorghum, and 
beside this, did not offer adequate protection against monocotvledonous 
weeds; therefore it was excluded from further trials. Afalon, Randox, H 2918. 
Karmex did not seem suitable for weed control in sorghums either, so they 
too were dropped. 
As for future tasks, a thorough study of herbicide combinations is suggested. 
In this respect Atrazin, Ramrod and perhaps — Treflan are recommended. 
If the Geigy herbicide A 3620 gives results similar to those of the year 1969 
in further experiments as well, it may be suitable to replace the Atrazin. 
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Since climatic conditions cannot be changed it may happen (in the 
ease of extremely dry weather or exceptionally weedy soil) that hoeing or 
stand spraying must be reckoned with. Those described under 4 can be helped 
by choosing the right herbicide doses and spraying time, thus difficulties 
caused by differences in soil types can be partly eliminated. 
Sensitivity to chemicals of the individual varieties within the Sorghum 
species will be worth studying in detail only when perfectly reliable herbi-
cides or their combinations are available. 
Considerable attention should be paid in the future to producing herbi-
cides of one-year action so that they do not make the succession of plants 
difficult to determine. 
Last but not least, the question of herbicides harmful to human and 
animal organisms should be treated with the greatest possible care, lest her-
bicides should be a curse rather than a blessing! 
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HISTOGENETIC STEDY О M THE EXOCARP, MESOCARP 
AND ENDOCARP OF THE ALMOND 
B y 
Z s . A N T O N I 
R E S E A R C H S T A T I O N OF T H E H O R T I C U L T U R A L R E S E A R C H I N S T I T U T E , C E G L É D 
In our h i s togene t i c s tudies t h e individual l aye r s in the f ru i t -wa l l of t h e almond 
were found n o t t o be s imply t h e e q u i v a l e n t s of t h e d i f f e r e n t layers of t h e ovary-wall . 
T h e exocarp can be t r aced back t o t h e ou te r ep idermis of t h e ovary-wal l . O n the other 
h a n d , it is no t t h e whole m e s o p h y l l u m b u t only i ts o u t e r half , the a b a x i a l p a r t of the 
ova ry -wa l l , t h a t t h e mesocarp h a s d e v e l o p e d f rom. T h e e n d o c a r p is of t h e m o s t compli-
c a t e d , double or ig in , hav ing d e v e l o p e d in par t f r o m t h e m e s o p h y l l u m , in pa r t f rom 
t h e inner ep ide rmi s . 
Introduction 
The fruit-wall of stone-fruits consists of three distinct layers. The outer-
most layer, the exocarp, is generally one-layered; it is the so-called skin. 
The next layer is the mesocarp which - with the exception of the almond 
— is the juicy flesh. The innermost layer is the endocarp, the stone proper. 
The layers of the fruit-wall develop from the tissues of the ovary-wall. Present 
paper is intended to find out which are the tissue elements — layers of 
the ovary-wall, the three layers of the almond fruit-wall develop f rom. Author's 
studies are justified by the fact tha t no precise description of the histogenesis 
of the almond fruit-wall has been found in the literature. 
H E G I (1919), M O E L L E R — G R I E B E L (1928), G A S S N E R (1955), S Á R K Á N Y 
SZALAI (1964) and K Á R P Á T I et al. (1968) equally call the stone endocarp; 
they do not refer, however, to its double origin hut consider it to have devel-
oped from the inner epidermis. K Á R P Á T I et al. (1968) place the almond among 
the trymes where the outer and middle layers of the fruit-wall (exocarp and 
mesocarp) form the envelop that becomes detached, and the inner layer 
(endocarp) forms the stone. M O E L L E R G R I E B E L (1928), G A S S N E R (1955) 
and H A Z S L I N S Z K Y TAKÁCS (1960) mention the triple distribution of the 
stone: the outer layer of the endocarp consists of moderately elongated scle-
reids, the middle part contains vascular bundles, and the inner 'hard ' layer 
is formed by rather elongated irregular sclereids. Authors do not refer to 
their origin. P É N Z E S (1957) generally concludes on its originating from the 
inner par t of the developing carpel and points out that it can he divided into 
two separate tissue-parts: an inner layer containing mostly oblong macroscle-
reids, and an outer part consisting mostly of isodiametrical sclereids with 
channel-like cell-wall thickening. 
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Material and Method 
Author examined t w o almond va r i e t i e s : bi t ter a l m o n d and the sweet a lmond var ie ty 
F r u i t ' s plates. From t h e t i m e of flowering samples were t a k e n of growing f ru i t s fo r four months . 
Of the p a r a f f i n - e m b e d d e d f lowers a n d young i ru i t s sections were m a d e by means 
of a microtome. O u t of t h e more deve loped fruits h a n d sect ions were m a d e . The sections 
were s ta ined with a m i x t u r e of h a e m a t o x y l i n and safranin of a ra t io of 3 : 1. 
Results 
In the flower the wall of the pistile is bordered with a one-layer epidermis 
covered with hairs. Under the epidermis a mesophyllum of about 50 cell-
layer thick consisting of parenchymatic cells is found. The inner border is 
formed also by an epidermis-layer. This outer and inner epidermis is, in fact, 
the one-layer dermal-tissue of the abaxial and adaxial side of the carpel. 
Tn the ground-tissue surrounded by them — tha t is, in the mesophyllum — 
the vascular bundles run down in two separate circles, and tha t is decidedly 
at the edges of the abaxial and adaxial sides of the carpel. At the abaxial 
side the vascular bundles are smaller and so dense as almost forming a con-
tinuous tissue ring when cross-sectioned. The vascular bundles of the adaxial 
side are larger and arc separated by the parenchymatic tissue. The position 
of the vascular bundles shows a certain degree of articulation in the mesophyl-
lum (Fig, 1). 
In the very young (1 —2-week-old) developing fruit-wall (pericarp) 
the above-mentioned structure is more conspicuous inasmuch as the ground-
tissue between the outer and inner epidermis i.e. the mesophy llum — is 
divided into two approximately in the middle — by some cell-layers of 
highly different stainability and size. 
The three-week-old fruit-wall (at the beginning of May) shows the 
following development. At the abaxial side of the fruit-wall certain cells of the 
Fig. I. Sketch of the p i s t i l e in bi t ter a l m o n d (kep outer ep ide rmis , szny = vascu la r bundle, 
a l = ground-t issue, hep = inner ep ide rmis ) 
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epidermis grow out and form liairs.The outer epidermis is closely joined by the 
2—3 cell-layer thick chlorenchyma, then by the 40 cell-row ground-tissue 
which consists of large, round, well stainable cells and contains innumerable 
vascular bundles. In the middle of the fruit-wall there is a separate, less stain-
able tissue-layer different from the ground-tissue, which consists of 15 —18 
rows of cells much smaller than those at the abaxial side of the mesophyllum. 
Author calls this tissue zone "dividing layer". The adaxial side of the fruit-
Fig. 2. T r e n d shown by the three-week-old f r u i t - w a l l in hi t ter a l m o n d (at the b e g i n n i n g of 
May), (fsz — ha i r s , kep = o u t e r epidermis, e h ch lorenchyma, szny = vascular bund le , 
ev d iv id ing cell-layer, b e p inner ep idermis ) 
wall contains about 30 rows of round, well stainable cells much smaller than 
those of the dividing layer, with small intercellular space between. The cell-
walls show already the development of pitted cell-wall thickening. In the 
otherwise homogeneous layer the number of vascular bundles is lower than 
in the outer layer. This is followed by a tangentially elongated liypoderm-
like layer of four—five cell-row thickness, adjacent to the inner epidermis. 
These cells contrary to those of the inner epidermis — cannot be stained 
well (Fig. 2). 
The five-week-old fruit-wall (in the second half of May) shows already 
remarkable changes. The whole fruit-wall has significantly increased. In the 
mesophyllum, outward from the dividing layer, the parenchyma cells have 
become large, continue to be filled with plasm and have thin cell-Avails. The 
dividing layer is only of 6 8 cell-row thick and consists of closely set tangen-
tially elongated readily stained cells. Jus t beside the dividing layer, at the 
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atlaxial side of the carpel, highly stainable cell groups with pitted-like thickened 
walls can be found. This kind of cell-wall thickening indicates the development 
of the stone (Fig. 3). 
In the six-week-old fruit-wall (at the end of May) the development of 
t he stone begins not only by the side of the dividing layer hut also beside 
the inner epidermis. The walls of tangentially elongated cells adjacent to 
the inner epidermis become thick and form a continuous sclerified layer. 
Fig. 3. Trend s h o w n b y the f ive-week-old frui t-wall in b i t t e r almond ( in t he second hal f of 
M a y ) , (fsz = ha i r s , k e p = outer ep ide rmis , eh ch lo r enchyma , al - g r o u n d tissue, s z n y = 
v a s c u l a r bundle, e v dividing cel l - layer , sc s c l e r e n c h y m a cells, h e p inner e p i d e r m i s ) 
Acta Agronomica Acadvmiac Scienliarum Hungaricae 20, 1971 
H I S T O G E N E T I C STUDY 3 1 
The cells of the inner epidermis are tangentially elongated and slightly pressed, 
their outer Avails show considerable thickening. Continuous sclerified cell 
groups are similarly found inward from the dividing layer, at the adaxial 
side. Thus in the inner part of the mesophyllum sclerification has started 
from two directions. However, the centre of this tissue-layer containing the 
vascidar bundles is unchanged at t ha t stage; the parenchyma cells surrounding 
the vascular bundles are still alive (Fig. 4). 
Fig. 4. T rend shown by t he six-week-old f ru i t -wal l j in h i t te r a l m o n d (at the e n d of May), 
(fsz = hai rs , kep = ou te r epidermis , szny vascular bund les , a l = ground t i s sue , ev = 
d iv id ing cell-layer, sc = sclerenchyma cells) 
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In the seven-week-old fruit-wall (at the beginning of June) further 
remarkable changes can be observed. Cells in the layer dividing the meso-
phyllum into two par t s partly die. In the inner half of the mesophyllum, 
in the developing stone, the sclerified tissue groups have formed a continuous 
tissue-layer both from the direction of the dividing layer and f rom that of 
the inner epidermis. The cell-walls gradually show a canalicular thickening. 
Cells in the inner epidermis have become tangentially still more pressed. 
Fig. 5. Trends shown b y the e ight-week-old Cruit-wall i n b i t t e r a lmond ( in the middle of 
J u n e ) , (fsz = hairs, k e p = outer e p i d e r m i s , szny = v a s c u l a r bundles, al = ground t issue, 
e v = dividing cell-layer, sc -- sc le renchyma) 
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In the eight-week-old fruit-wall (in the middle of June) the outer epi-
dermis and the outer part of the mesophyllum (the abaxial side) are by and 
large unchanged. The cells are still living and readily stained. In the inner 
part of the mesophyllum — in the stone as a result of the two-sided scleri-
fication the thick-walled tissue-layers almost meet. This uniform sclerified 
tissue is broken by small ' 'islands" where the vascular bundles run down 
surrounded by living ground-tissue cells. The transition to the sclereid cells 
is represented by large thin-walled cells some of which have already died, 
their walls are broken. The cells of the inner epidermis have tangentially 
been pressed to a great extent, their walls have become thick and lignified 
(Fig. 5). 
No sections were made from the fruit-wall in further developmental 
phases. Nevertheless, on the basis of what have been observed so far the 
final development of the fruit-wall can easily be described. 
Outward from the dividing layer the green husk develops. I t is the 
cells of the dividing layer that first die and go to bits. The living cells of the 
green husk also die gradually, then the whole husk withers. 
Sclerification of the stone continues, then terminates. Vascular bundles 
and ground-tissue cells around them gradually die, too. The remains of the 
vascular bundles can be found in the fully developed stone as functionless 
dry parts. 
The development of the three layers of the fruit-wall was essentially 
the same in the bitter almond as in the Fruit's plates sweet almond, only 
a difference in time could be observed. Stone began to develop in the fruit-
wall of the sweet almond (Fruit's plates) a week later, and arrived at the 
different development stages similarly about a week later, indicating a correla-
tion with the slower development of the whole fruit ( G Á L 1 9 6 5 ) . 
Conclusions 
As it is known, the fruit-wall of the fully developed almond has three 
layers: exocarp, mesocarp and endocarp. This is a three-layered ovary wall . 
The author's studies have revealed, however, tha t the layers of the 
fruit-wall are not simply the equivalents of the different layers of the ovary-
wall. 
The exocarp originates from the outer epidermis of the ovary-wall. The 
mesocarp - on the other hand does not develop from the whole meso-
phyllum, only from its outer half, the abaxial part of the ovary-wall. The 
endocarp (the stone) has the most complicated origin, a double one, being 
developed in part from the mesophyllum, in part f rom the inner epidermis. 
The outer half of the endocarp (stone) develops from the adaxial part of 
the mesophyllum. According to the author 's examinations these mesophyllum 
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cells are isodiametrical and continue to be so in the course of the sclerification 
as well. At the same time, the inner half of the endocarp can be traced back 
to t he inner epidermis of the ovary-wall on one hand, and to the adjacent 
hypodermic layer on the other; cells of the latter become tangentially highly 
elongated. Results obtained f rom these investigations confirm Pénzes's sug-
gestion concerning the histological development of the stone, namely its being 
not homogeneous but consisting of isodiametrical cells in the outer layer 
and longitudinally flattened sclerotic ones in the inner layer. These results 
correspond further to the findings of Moeller- Griebel, Gassner and Hazs-
linszky- Takács concerning the structure of the stone. 
After all it can be stated tha t the dry husk of the almond — which 
contains the exocarp and mesocarp develops from the abaxial part of the 
ovary-wall (from the outer epidermis and outer half of the mesophyllum), 
while the stone, i.e. the endocarp, from the adaxial part (the inner half of 
the mesophyllum and the inner epidermis) of the ovary-wall. 
No difference in the development of the fruit-wall Avas found between 
the bitter almond and the sweet almond v ariety Fruit's plates, except for a 
sh i f t in time, since the fruit-wall of the Arariety Fruit 's plates began to differen-
t i a t e a week later. 
To sum up the above, development of the fruit-wall of almond from the 
ovary-wall can be outlined as follows: 
ou te r epidermis —> exocarp green opening husk 
mesophyllum > mesocarp 
inner epidermis endocarp stone 
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LEAF CURLING OF PEPPER 
By 
J . K . E S K A R O U S 
D E P A R T M E N T O F BOTANY, F A C U L T Y OF SCIENCE U N I V E R S I T Y OF C A I R O , C A I R O 
P e p p e r p l a n t s (Capsicum frutescens var . grossum) were found n a t u r a l l y in fec ted . 
T h e leaves e x h i b i t e d varied s y m p t o m s of mosaic m o t t l i n g , b l i s te r ing , m a l f o r m a t i o n , 
and d i s to r t ion , a n d curling u p w a r d s and the m i d r i b zigzagged. T h e infec ted p l a n t 
showed a m o r e c o m p a c t hab i t of g r o w t h t h a n n o r m a l p lan t s . The f r u i t of infec ted p l a n t 
showed r e d u c t i o n in size and s l i gh t dis tor t ion. T h e v i rus was c o m p l e t e l y inac t iva t ed 
a t 94 °C, h a d a d i lu t ion end p o i n t s l ight ly above 10~G , and was i n f e c t i o u s for 5 0 - 55 
d a y s a t r o o m t e m p e r a t u r e ( 2 3 — 2 8 °C). Serological reac t ions a g a i n s t t o b a c c o mosaic 
v i rus a n t i s e r u m p r o v e d t h a t t h e v i r u s was t o b a c c o mosaic vi rus . T h e v i rus causing 
leaf curling of p e p p e r can be c o n s i d e r e d a s t ra in of t o b a c c o mosaic v i r u s . 
Introduction 
Natural virus infection was observed on tlie leaves of pepper [Capsicum 
frutescens L. (C. annuum L.) var. grossum, Bailey], bell or sweet pepper, plant 
stout and tall; leaves oblong-ovate, 4 — 5 inch long, flowers 1 inch or more 
across; fruits large and puffy with depression at base, the sides usually furrow -
ed, either oblong, bell-shaped or apple-shaped and tomato-like, green or 
red, mild in flower in a farm in the UAR during the spring months. The infected 
leaves exhibited varied symptoms of mosaic mottling, blistering, curling 
upwards and the midrib zigzagged. The fruit showed marked reduction in 
size. 
Infection of pepper by cucumber mosaic virus, tobacco mosaic virus, 
tomato spotted wilt, beet curly-top virus, tobacco streak virus and alfalfa 
mosaic virus has been described by DOOLITTLE W A L K E R ( 1 9 2 5 ) , J O H N S O N 
( 1 9 3 0 ) , B A L D - S A M U E L ( 1 9 3 1 ) , S E V E R I N et al. ( 1 9 3 3 ) , A I N S W O R T H ( 1 9 3 3 ) ,  
B E R K E L E Y ( 1 9 4 7 ) a n d F U L T O N ( 1 9 4 8 ) . 
A strain of tobacco mosaic virus designated tomato atypical mosaic 
virus ( T A M Y ) was proved by M I L L E R T H O R N B E R R Y (1958) to cause a new 
disease of tomato (tomato atypical mosaic) and of pepper (pepper atypical 
mosaic). 
The present report of results is an attempt to indentify the virus isolated 
from the naturally infected pepper plants. Host range, physical and sero-
logical properties of the infectious virus were therefore studied. 
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Material and Method 
T h e studies of s y m p t o m s , host range a n d physical p r o p e r t i e s of the virus were carried 
out in a greenhouse a t 2 2 — 2 8 °C. The p l a n t s were sprayed per iodical ly with insecticides. 
Transmission of the virus. For mechan ica l t ransfer of t h e virus, leaves of na tura l ly 
infected p e p p e r plants were collected at r a n d o m . The leaves w e r e washed and f r o z e n for 24 
hours. T h e juice was e x p r e s s e d by grinding t h e frozen leaves w i t h a pestle a n d m o r t a r and 
the sap was passed t h r o u g h a piece of cheesecloth . The sap w a s t h e n applied b y a b rush to 
leaves of 20-day-old h e a l t h y pepper seedlings dus t ed with 6 0 0 - m e s h ca rbo rundum as recom-
mended b y RAWLINS —TOMPKINS (1936). T h e inoculated leaves were washed w i t h t a p water. 
Host range. D i f fe ren t p l a n t species were tes ted for the i r suscept ibi l i ty to t h e unknown 
virus. T e n seedlings f rom e a c h of 21 plant species were mechan ica l ly inoculated w i t h infectious 
sap expressed f rom inocu l a t ed pepper p l an t s . The following f i f teen-day-o ld seedl ings were 
used: Brassica oleracea L. v a r . capitata L. ( cabbage) , Cucumis sativus L. ( cucumber ) . Lactuca 
sativa L . ( let tuce), Petunia hybrida Vilm, ( g a r d e n petunia) , Phaseolus vulgaris c v Seminole 
and Suisse Blanc (beau), Raphanus sativus L. v a r . aegyptiacus S ick (radish), Solanum tuberosum 
L. ( p o t a t o ) , Vicia faba L. v a r . deltae Sick, ( b r o a d bean), a n d Vigna sinensis Sav i cv Black 
(cow pea ) . 
A b o u t 1-month-old seedlings of Amarunthus tricolor L . , Chenopodium arnaranticolor 
(loste e t R e y n , Chenopodium murale L., Datura stramonium L. ( thorn apple) , Gomphrena 
globosa L. (globe a m a r a n t h ) , Helianthus annuus L. (sunf lower) , Ipomoea batatas (L.) Lam.. 
Lycopersicon esculentum Mill, cv Rutgers ( t o m a t o ) , Nicotiana glutinosa L., Nicotiana rustica 
L., Nicotiana tabacum L. c v Turk i sh ( tobacco) and Pelargonium zonale L 'He r i t . we re used. 
Back inoculation t o pepper plants f r o m plants t h a t deve loped mosaic m o t t l i n g and 
from p l a n t s t h a t did no t r e a c t to inocula t ion was done acco rd ing to RAWLINS—TOMPKINS 
(1936). T w o leaves f r o m e a c h tested plant species in these 2 g roups were squeezed between 
the f i nge r s and the exp re s sed sap was appl ied t o leaves of 5 h e a l t h y pepper seedlings. 
Back inoculation f r o m necrotic local lesions on Chenopodium arnaranticolor, Chenopo-
dium murale, Datura stramonium and Nicotiana glutinosa was d o n e by holding a leaf beneath 
the necro t ic area which w a s then punched i n t o a heal thy p e p p e r leaf with a s ter i le needle 
(JENSEN 1933, 1937). T h e green tissue of t h e leaf sur rounding t he necrotic a r ea was cut . 
squeezed between the f i n g e r s and then app l i ed to heal thy p e p p e r seedlings. 
Physical properties of the virus. Phys i ca l propert ies of t h e virus were s tud ied with 
expressed sap f rom p e p p e r seedlings inocu la t ed with the v i r u s isolated f r o m t h e natural ly 
v i rus - in fec ted pepper p l a n t s . Results o b t a i n e d f rom this s t u d y were later c o n f i r m e d using 
expressed sap from p e p p e r seedlings inocula ted with the n e c r o t i c areas of Datura stramonium. 
The sap was clarified b y low-speed een t r i fuga t ion . 
a) Thermal inaclivation point. For de te rmina t ion of t h e the rmal inac t iva t ion point of 
the v i ru s , expressed sap w a s distr ibuted i n smal l test t u b e s in 2 ml quan t i t i es . The tubes 
were p l aced in an electr ic w a t e r ha th a d j u s t e d to give the r e q u i r e d t empe ra tu r e (50— 95 °C) 
rang ing b y 5-degree-step. T h e tubes con ta in ing the virus were k e p t in the w a t e r b a t h for 10 
minu tes . The meniscus of t h e tubes was k e p t 1 cm above t h e level of water in t he ha th and 
a f te r t h e t r ea tmen t pe r iod , t h e tubes were immedia te ly cooled under tap wa te r . T h e sap was 
t hen inocu la ted into h e a l t h y pepper seedlings. The above e x p e r i m e n t was r e p e a t e d with the 
virus k e p t for 10 m i n u t e s a t 90 95 °C, t h e t empera tu re a d j u s t e d to rise b y 1 °C. The virus 
a f t e r be ing cooled qu ick ly , was inoculated i n t o heal thy p e p p e r seedlings. 
b) Dilution end-point. For de t e rmina t ion of the di lut ion end-po in t of the v i r u s , expressed 
sap w a s serially di luted ill tenfold d i lu t ions s ta r t ing f rom 1 0 _ 1 to 10~ß. E a c h di lut ion was 
inocula ted into heal thy p e p p e r plants. The s a m e process was r e p e a t e d with d i lu t ions of 1 : 2 x 
X10«. 1 : 3X10G . 
c) Resistance to ageing. For de t e rmina t i on of the e f fec t of ageing on t he infec t iv i ty of 
the v i rus , expressed sap w a s kep t at room t e m p e r a t u r e (26 — 31 °C). After 4—60 d a y s , a sample 
of t he v i rus was w i t h d r a w n a t intervals of 5 days and i nocu l a t ed into pepper seedlings. 
Serological reactions. A n ant iserum to tobacco mosaic v i r u s w a s p r e p a r e d b y in t ravenously 
i n j ec t i ng a big rabbi t s eve ra l times wi th t obacco mosaic v i r u s f rom diseased t obacco plants: 
t he a n t i s e r u m was col lec ted . Expressed s a p f r o m pepper p l a n t s inoculated w i t h virus from 
n a t u r a l infection, nec ro t i c lesions and all t e s t e d plant species was heated for 10 minutes a t 
55 °C a n d eentrifuged f o r 10 minutes a t 2,000 r .p .m. A series of twofold d i lu t ions of the clari-
f ied s a p in 0.85 per cen t s o d i u m chloride so lu t ion was p repa red s t a r t i ng from 1 : 2 u p to 1 : 2048. 
An e q u a l volume of t o b a c c o mosaic v i rus an t i se rum (1 : 128 t i t e r ) diluted to 1 : 32 was then 
a d d e d t o each tube. Con t ro l sets with sap f r o m heal thy p e p p e r p lan ts and a n t i s e r u m and sap 
f r o m diseased plants a n d normal serum were kept . The c o n t e n t s of the t u b e s were shaken 
and p laced in a w a t e r - b a t h a t 50 °C. 
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Results 
1. Transfer of the virus. After about 10 days the inoculated pepper 
plants began to exhibit different symptoms on their new growths. The symp-
toms produced on the inoculated pepper seedlings were more or less the same 
as those naturally infected. This showed that the virus was sap-inoculable. 
2. Symptomatology. The inoculated pepper plants produced varied symp-
toms (Fig. 1). Among these were leaf mottling and blistering. Within a short 
time, however, the leaves then curled upwards along the midrib. In most 
cases the midrib was zigzagged. In a few cases the midrih divided the leaf 
into 2 parts. In pepper plants long infected, the leaves were considerably 
smaller than those of healthy plants of the same age. The stem internodes 
were shortened considerably so that the infected plant had a more compact 
habit of growth than normal plants (Fig. 2). The f rui ts of infected pepper 
plants showed slight distortion and reduction in size (Fig. 3) but the colour 
of the frui t was not changed. 
3. Host range. The plant species mechanically inoculated with infec-
tious sap expressed from inoculated pepper plants reacted in 2 ways: 
Fig. 1. D i f f e r e n t symptoms p roduced by tobacco mosaic virus on peppe r . A. H e a l t h y pepper 
leaf: B. Mosaic mot t l ing; C. Leaf curling D . Blistering; E. M i d r i b zigzagged; F . Spoon-
shaped appea rance ; G. T h e midr ib d iv ided t h e leaf into 2 p a r t s ; H. Leaf d i s t o r t e d 
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(a) mosaic mottling or local necrotic lesions were produced on the first group, 
and (b) no reaction was apparent in the second group. 
Nicotiana tabacum. At high temperature in summer (28 35 °C) different 
shades of yellow, dark green and light green appeared on the rubbed leaves 
Fig 2. L e f t : h e a l t h y pepper p l a n t . Right: p e p p e r p lant infected w i t h the virus 
Fig. 3. Left : p e p p e r f ru i t from a h e a l t h y plant. R i g h t : pepper f r u i t f r o m a plant in fec ted 
wi th the virus 
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and the newly formed leaves. Banding and blistering also appeared. At low 
temperature in winter (18 26 °C) necrotic ringspots appeared and formed 
dead areas. There was no leaf distortion. 
Lycopersicon esculentum. Clear mosaic mottling, banding and blistering 
at high temperature. At low temperature necrotic lesions were shown. 
Gradually the necrotic lesions disappeared and mosaic mottling then started 
as soon as the temperature was raised. There was clear distortion of the 
leaves. 
Petunia hybrida. At high temperature varied symptoms of mosaic 
mottling, clearing of veins and blistering appeared. In winter necrotic lesions 
appeared in the form of ringspots. 
Cucumis sativus showed clear mosaic mottling at high temperature. 
Gomphrena globosa, Helianthus annuus and Solanum tuberosum showed fa int 
mosaic mottling. 
A group of five plants developed local lesions. These were: Chenopodium 
amaranticolor, Chenopodium murale, Datura stramonium, Nicotiana glutinosa 
and Nicotiana rustica. 
At high and low temperatures, within 4 —5 days, inoculated leaves 
developed large numbers of necrotic lesions in the form of concentric rings, 
or rings and necrotic patches wich nearly always fused and formed dead areas. 
The leaves then shrivelled, dried out and dropped. There was no systemic 
infection. 
The following list did not react to inoculation: Amaranthus tricolor, 
Brassica oleracea, Ipomaea batatas, Lactuca sativa, Pelargonium zonale, Phaseo-
lus vulgaris, Raphanus sativus, Vicia faba and Vigna sinensis. 
Back inoculation to pepper plants from the infected plants of the first 
group produced very clear mosaic mottling on the inoculated pepper plants. 
No symptoms developed on healthy pepper plants when inoculated from the 
apparently immune species of the second group. 
Application of the squeezed sap from the necrotic areas from Cheno-
podium amaranticolor, Chenopodium murale, Nicotiana glutinosa, Nicotiana 
rustica and Datura stramonium to healthy pepper leaves induced mosaic 
mottling. However, application of this sap from the surrounding leaf did 
not induce the disease under investigation to the inoculated pepper plants. 
4. Physical properties of the virus. 
a) Thermal inactivation point. The virus was completely inactiv ated 
in undiluted clarified sap from pepper leaves when heated for 10 minutes 
at 9 4 ° C . 
b) Dilution end-point. When sap from infected pepper seedlings were 
diluted with distilled water, infection was obtained at 10 
c) Resistance to ageing. Undiluted sap containing the virus was infectious 
lor 50 days at room temperature (approximately 23 — 28 °C). 
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5. Serological reactions. Maximum dilution of clarified sap from pepper 
plants inoculated with the virus from natural infection and necrotic lesions 
showed positive precipitation reaction to 1:128 and 1:64 respectively, when 
tobacco mosaic virus antiserum diluted to 1:32 was added. 
Pepper plants inoculated with expressed sap from all tested plant 
species were tested serologically to tobacco mosaic virus antiserum. Pepper 
plants inoculated with sap from inoculated plants of the first group showed 
positive precipitation reaction. On the other hand, pepper plants inoculated 
with sap from inoculated plants of the second group gave negative precipitation 
reaction wi th ' the antiserum, suggesting that these plants were immune to 
tobacco mosaic virus. This was in agreement with the transfer trials mentioned 
previously. 
Discussion 
Pepper plants (Capsicum frutescencs, L. var. grossum, Bailey, bell ur 
sweet pepper) were found to be naturally infected by a mosaic disease and 
curling of leaves. The disease has been transferred to healthy pepper plants 
with sap. 
Host range of the causal agent coincided with tha t of tobacco mosaic 
virus. On tobacco, petunia and tomato leaves, the virus produced small 
local lesions and systemic mosaic anil necrotic local lesions on Clienopodium. 
Datura, Nicotiana glutinosa and Nicotiana rustica. This agreed with the find-
ings of H O L M E S (1928), HOLMES (1932) and H O L L I N G S (1956) respectively. 
Similarly it induced mosaic symptoms, on Cucumis sativus, Gomphrena globosa, 
Helianthus annuus, Solanum tuberosum and this agrees with the findings of 
H O L M E S (1946). 
The virus gave infection slightly above 10 " and its thermal inactivation 
point was 94 °C. The virus was capable of retaining its infectivity for 50 
days at room temperature. These results were obtained by many workers 
such as P R I C E (1933), H O L M E S (1928) and G I G A N T E (1957). 
Precipitation reaction of the virus extracted from pepper seedlings 
inoculated with: a) the natural virus, b) necrotic lesions and c) the infected 
plant species with tobacco mosaic virus antiserum, proved to be tobacco 
mosaic virus. 
Thus from the above-mentioned results and conclusions it may be deduced 
that tin» virus causing leaf curl of pepper is a strain of tobacco mosaic virus. 
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STIMULATIVE EFFECT OF iALPHA-NAPHTHYL-ACETIC 
ACID AND BETA-INDOLYL-BUTYRIC-ACID ON ROOT 
DEVELOPMENT OF CURRANT CUTTINGS 
B y 
S z . K A L M Á R 
LABORATORY OF THE BADACSONY STATE FARM, BALATONAL1GA 
C u r r a n t v a r i e t i e s impor ted f r o m v a r i o u s coun t r i e s were p r o p a g a t e d b y soft 
a n d s e m i - h a r d c u t t i n g s . Pr ior to p r o p a g a t i n g cu t t ings w e r e t r e a t e d wi th v a r i o u s con-
c e n t r a t i o n s of t h e r o o t i n g s t i m u l a n t s a l p h a - n a p h t h y l - a c e t i c acid and b e t a - i n d o l y l -
b u t y r i c - a c i d . W i t h s o f t cu t t ings used i t w a s f o u n d t h a t t h e v a r i e t y J o n k h e e r v a n Tets 
g a v e t h e bes t r e s u l t s w h e n t r ea t ed w i t h 3000 p p m c o n c e n t r a t i o n of be t a - i ndo ly l -
b u t y r i c ac id , while t h e va r ie ty Red L a k e w i t h 5000 p p m concen t ra t ion of t h e same 
chemica l . W h e n u s i n g semi-hard c u t t i n g s we found a 3000 p p m be t a - i ndo ly l -bu ty r i c 
acid t r e a t m e n t a p p l i e d to both va r i e t i e s J o n k h e e r v a n T e t s and Red L a k e t h e best . 
Va r i e t i e s M a c h e r a u s S p ä t e R ie sen t r aube a n d Croseille R a i s i n died in sp i t e of carefu l 
a t t e n t i o n . 
Introduction 
Our aim was to spread the new currant varieties in Hungary, to growr 
them profitably and find out which method is the best in propagating currant 
by soft and semi-hard cuttings. From the Hungarian and international litera-
ture pertaining to the subject only the most important works are mentioned. 
F I L L M O R E ( 1 9 5 4 ) , L U B I N S K Y ( 1 9 5 7 ) , D O E S B U R G DOUGLAS ( 1 9 5 8 ) ,  
R I C H A R D S O N ( 1 9 5 8 ) , B U L D A ( 1 9 6 1 ) , F E R N Q U I S T ( 1 9 6 2 ) , ANISIMOV ( 1 9 6 3 ) ,  
PORPÁCZY ( 1 9 6 4 ) , M E Z E I ( 1 9 6 8 , 1 9 6 9 ) and P R O B O C S K A I ( 1 9 6 9 ) pointed out 
that rooting stimulants and various ecological and biological factors have 
different effects on the root development and duration of life of soft and 
semi-hard cuttings. When propagating currant by cuttings optimum time 
and treatment should be determined for each variety separately. 
Material and Method 
T h e ex au i ined c u r r a n t var iet ies: J o n k h e e r v a n Tets , R e d Lake . M a c h e r a u s Spä te 
R i e s e n t r a u b e a n d Groseille R a i s i n were p l a n t e d in 1965 a t t h e Ba la tonbozsok a n d Eny ing 
s ta t ions of t h e B a d a c s o n y S t a t e F a r m . 
S o f t c u t t i n g s were m a d e of these v a r i e t i e s 011 30th and 3 1 s t May, 1969. E x p e r i m e n t s 
were set u p accord ing to t h e fol lowing a r r a n g e m e n t . 50 cu t t ings p e r each var ie ty w e r e d ipped 
for 60 seconds in to be t a - indo ly l -bu ty r i c ac id a n d a l p h a - n a p h t h y l - a c e t i c acid of 3 0 0 0 . 4000 
and 5000 p p m c o n c e n t r a t i o n respect ively , in t h r e e repl ica t ions . S o f t cu r ran t c u t t i n g s were 
placed in g a r d e n f r ames i m m e d i a t e l y a f t e r d i p p i n g . F rames w e r e la id with p e a t y f aeces at 
the b o t t o m a n d a layer of r i v e r - s a n d on the t o p of t h e m ; cu t t ings w e r e placed in t h i s l a y e r in a 
r a n d o m design w i th care t a k e n of the leaves of c u t t i n g s not to t o u c h each other. T h e necessa ry 
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ai r h u m i d i t y was p r o v i d e d tor by s p r i n k l i n g irrigation. Green cuttings were shaded and great 
a t t e n t i o n was pa id t o venti lat ion. On 9 t h and 10th J u l y , 1969, rooted c u t t i n g s were r emoved 
a n d placed into p o t s . 
On 30th a n d 31s t August, 1969 propagat ion of t h e above var ie t ies was a t t e m p t e d b y 
s e m i - b a r d cutt ings u s e d as well. Rep l i ca t ions and t r e a t m e n t s were carried o u t in the same way 
a s w i t h the soft c u t t i n g s . Rooted s e m i - h a r d cut t ings were placed in po t s on 13th Oc tobe r . 
1969. and will be p l a n t e d nut in spr ing . 
Results 
Significant difference in root development as compared to the control 
was found at a P = 10% level only with Jonkheer van Tets green cuttings 
treated with beta-indolyl-butyric acid of 3000 ppin concentration. 
In varieties Jonkheer van Tets and Red Lake green cuttings treated 
with beta-indolyl-butyric acid proved generally better. No significant differ-
ence could he found, however, between alpha-naphthyl-aeetic acid and beta-
f i g . 1. Sat isfactory r o o t development of Red 
L a k e propagated b y green cutt ings t r e a t e d 
w i t h be ta - indo ly l -bu ty r ic acid of 3000 p p m 
Fig. 2. Green cut t ings of Red Lake developed 
more r o o t s when t reated w i t h 5000 ppm be ta -
indoly l -bu tyr ic acid t h a n w h e n t rea ted w i t h a 
3000 p p m concentra t ion of t h e same chemica l 
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Table 1 
Percentage of root development of green cuttings of various currant varieties treated 
with root stimulants 
Ju ly 9—10, 1969 
Treatments 
Y и riet ic з 3000 ppm 
a-oaphthyl-
acetic acid 
4000 ppm 
Gt-naphthvl-
acetic acid 
5000 ppm 
a-napbthy]' 
acetic acid 
3000 ppm 
/3-indolyl-
butyric acid 
4000 ppm 
Д-indoÍyl-
butyric 
acid 
5000 ppm 
/5-indoIyl-
butyric 
acid 
Control 
Jonkhee r v a n Tets 21.3 20.0 18.1 34.0 32.6 31.3 22.0 
Red Lake 40.0 44.6 35.3 41.3 39.3 46.6 38.6 
Macheraus Späte 
Riesen t raubc 0 0 0 0 0 0 0 
Groseille Raisin 0 0 0 0 0 0 0 
Table 2 
Percentage of root development of semi hard cuttings of various currant varieties 
treated leith root stimulants 
October 13, 1969 
Treatments 
Varieties 3000 ррш a-naph-
tbyl-ace-
tic acid 
4000 ppm 
a-napht lt\ 1-
acetyc acid 
5000 ррш 
a-naphthyl-
aeetyc acid 
3000 ppm 
^-indolyl-
butyric 
acid 
4000 ppm 
/l-indplyl-
butyric 
acid 
-
5000 -pin 
/4-indoyl-
butyric 
acid 
Control 
Jonkhee r v a n Tets 50.6 49.3 41.3 64.0 61.1 56.6 20.6 
Red Lake 8.6 8.0 11.3 60.0 51.3 41.3 20.0 
Macheraus Späte 
Riesen t raube 0 0 0 0 0 0 0 
Groseille Raisin 0 0 0 0 0 0 0 
indolyl-butyric acid treatments. In both varieties percentage values of rooting 
are higher in case of beta-indolyl-butyric acid t reatment . 
A difference significant at P = 1 0 % level was found between varieties 
Jonkheer van Tets and Red Lake treated with 3000, 4000 and 5000 ppm 
alpha-naphthyl-acetic acid. 
Varieties Macheraus Späte Riesentraube and Groseille Raisin could 
not he propagated by green cuttings. Both treated green cuttings and controls 
died within 8 —10 days. 
Jonkheer van Tets and Red Lake varieties propagated by semi-hard 
cuttings treated with beta-indolyl-butyric-acid of 3000 ppm concentration 
.Ida Agronomien Academiae Scientiarum Hungaricar 20, 1971 
4 6 SZ. KALMÁR 
showed a significant difference at P = 10% as compared to the control. 
W i t h the variety Red Lake none of the alpha-naphthyl-acetic acid treatments 
proved to be satisfactory; all the results remained below those of the control. 
Treatments with 3000, 4000 and 5000 ppm concentrations of beta-indolyl-
bu ty r i c acid were efficient in case of varieties Jonklieer van Tets and Red 
Lake . With the variety Jonklieer van Tets treatment with alpha-naphthyl-
acetic acid gave satisfactory results as well. 
In the treatments no significant differences could be found at 5%, 1% 
and 0.1% levels, t ha t is why s.d. values are not presented in the tables. On 
the basis of our investigations with the varieties Jonkheer van Tets and 
Red Lake 3000 ppm beta-indolyl-butyric acid treatment is recommended to 
be used in production. 
Conclusions 
When using root stimulants, choice of the optimum state of the shoots 
is very important. I t depends also on the variety. 
Among the root stimulants beta-indolyl-butyric acid proved to be the 
best in our experiments. 
In varieties Jonkheer van Tets and Red Lake green cuttings treated 
wi th beta-indolyl-butyric acid were superior to the control. 
Further experiments are required to determine the time when the state 
of t he shoots is the most suitable for rooting. 
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RELATION OF FLOWERING TO TEMPERATURE 
IN HUNGARIAN APRICOT 
By 
L . M O L N Á R , A . S T O L L Á R 
AGRICULTURAL RESEARCH INSTITUTE OF THE DANUBE —TISZA MID-REGION, KECSKEMÉT 
I n t h e D a n u b e - T i sza Mid-Region t h e d o r m a n t s tage of ap r i co t f lower b u d s 
ends iti t h e m i d d l e of D e c e m b e r — as shown b y t h e h e a t ca lcula t ions . W h e n ca l cu la t ing 
the a m o u n t of h e a t r equ i r ed fo r f lowering e f f e c t i v e daily m e a n t e m p e r a t u r e s a b o v e 
3 °C can be b e s t used. T h e a c t u a l biological ze ro po in t is, on t h e o t h e r h a n d , lower 
t h a n t h a t . F r o m 16th D e c e m b e r , wi th da i ly m e a n t e m p e r a t u r e s a b o v e 3 °C t o t a l l e d , 
ef fect ive a m o u n t of hea t r e q u i r e d for the f l o w e r i n g of apr icot is on t h e a v e r a g e of 
10 years — 199.8 degrees, w i t h a dispersion of 14.9 degrees (7.5 pe r cent) . 
Introduction 
According to SZALAI ( 1 9 6 8 ) , the state of dormancy is restricted to the 
meristems and to organs containing meristems. The dominant role of meristcms 
is emphasized by MOROZ ( 1 9 4 8 ) and M E T L I T Z K I Y — K O R A B L E V A ( 1 9 6 5 ) as 
well. 
E L M A N O V ( 1 9 5 9 ) sees the biological essence of dormancy — as related 
to apricot and other stone fruits — in the following: As a consequence of low 
temperatures and reduced respiration metabolism acts in the direction of 
starch synthesis and starch accumulates mainly in the ground tissue of the 
bud. The necessity of low temperature ends with maximum starch content 
(in the ground tissues of buds). By tha t time pollen mother cells have 
developed in the anther. If in November and December the temperature is 
high, buds will he killed not being able to accumulate sufficient quantités 
of starch, since it is used for improductive respiration. 
M Á N D Y — K Á R P Á T I ( 1 9 5 8 ) divide the state of dormancy into the following 
phases: pre-dormancy, complete dormancy and post-dormancy. 
Data on the termination of dormancy are highly varied due to differences 
in regions, varieties and seasons. According to IONOVA ( 1 9 5 8 ) it takes place 
at the end of October or at the beginning of November, while it is considered 
to he in December by N Y Ú J T Ó — T O M C S Á N Y I ( 1 9 5 9 ) , B E R E Z E N K O ( 1 9 6 3 ) ,  
M A L I K C E J K A ( 1 9 6 5 ) , in January by E L M A N O V ( 1 9 6 1 ) and in February by 
C O J E N E A U ( 1 9 5 8 ) . 
M A L I K — C E J K A ( 1 9 6 5 ) determine the threshold of heat required for 
development in a daily mean temperature of 6 . 5 °C, N Y Ú J T Ó - T O M C S Á N Y I 
( 1 9 5 9 ) in 5 ° C , while V I T A N O V ( 1 9 6 3 ) in 0 ° C . 
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According to N Y Ú J T Ó — T O M C S Á N Y I ( 1 9 5 9 ) the total amount of heat 
required for flowering is 141 °C with daily mean temperatures above 5 °C, 
while V I T A N O V ( 1 9 6 3 ) gives a heat amount of 2 4 8 °C totalled from daily mean 
temperatures above 0 °C and measured from the 1st February. On the other 
hand, A N S T E Y ( 1 9 6 6 ) found that the maximum amount of heat resulted in 
a lower variability than other methods did. 
In Hungary it was TAMÁSSY" ( 1 9 6 0 ) , M O L N Á R ( 1 9 6 0 ) , U D V A R D Y ( 1 9 6 3 )  
and T É T É N Y ' I ( 1 9 6 5 ) who dealt intensively xvith questions related with dormancy 
in apricot. 
Material and Method 
Pheno log ica l o b s e r v a t i o n s requi red fo r t h e ca l cu l a t i ons were ca r r i ed ou t in t h e expe r i -
m e n t a l s t a t i o n of t h e A g r i c u l t u r a l Research I n s t i t u t e of t he D a n u b e — T i s z a M i d - R e g i o n a t 
Cegléd. O b s e r v a t i o n s h a v e b e e n car r ied on s ince 1958, a n d d a t a of 10 ye a r s were u s e d in t h e 
ca lcu la t ions w i t h t h e e x c e p t i o n of 1960. I n 1960 7 5 — 9 5 per c en t of t he f lower b u d s were 
des t royed b y f r o s t , t h e r e f o r e t h a t yea r was l e f t o u t of ca l cu l a t i on . N a m e l y , in s u c h y e a r s 
those r e m a i n i n g f lowers o p e n which u n d e r n a t u r a l cond i t i ons ( w i t h o u t f ros t d a m a g e ) wou ld 
open d u r i n g or a t t h e e n d of m a s s f lower ing , t h a t is some d a y s l a t e r . 
T h e f i r s t ca l cu la t ions w e r e m a d e fo r t h e a v e r a g e f lower ing d a t e of t he col lec t ion . Since, 
however , t h e col lect ion d i d n o t r ep resen t t h e r i g h t p r o p o r t i o n s of var ie t i es in t h e c o u n t r y , 
the n e w ca l cu l a t i ons were r e s t r i c t e d to a v e r y good c lone of t he bes t H u n g a r i a n v a r i e t y . 
T h e o r c h a r d was p l a n t e d in 1951 on a m e d i u m h e a v y clay soil, w i th A r m e n i a c a v u l g a r i -
used as r o o t - s t o c k . P h e n o l o g i c a l obse rva t i ons w e r e p e r f o r m e d da i ly on six t rees , genera l ly 
in t he m o r n i n g , so f l ower s o p e n i n g a f t e r t he d a i l y o b s e r v a t i o n were r eco rded on ly on t h e n e x t 
day . C o n s e q u e n t l y , t h e p h e n o l o g i c a l d a t a m a y b e one d a y l a t e as c o m p a r e d to t h e a c t u a l da t e . 
I n t h e ca lcu la t ions t h e beg inn ing of f l o w e r i n g w a s cons ide red , w h e n a t l ea s t 1 p e r ceut 
of t he b u d s was open . As in e a c h case it was t h e f r u i t spu r s t h a t b los somed ear l ie r , t h e t o t a l 
a m o u n t of h e a t c a l cu l a t ed app l i e s p r imar i ly t o t h e f l o w e r b u d s of f r u i t spur s . H e a t r e q u i r e -
ments of o t h e r bea r ing p a r t s , e.g. s econda ry s h o o t s , m a y be c o n s i d e r a b l y d i f f e r e n t . F i n d i n g s 
b y R J A D N O V A ( 1 9 5 8 ) , S I T T ( 1 9 5 5 ) , KOSTINA ( 1 9 5 3 ) a n d B E R E Z E N K O ( 1 9 6 3 ) a s w e l l a s o u r o w n 
e x p e r i m e n t a l d a t a refer t o t h i s f a c t . Meteorologica l d a t a were o b t a i n e d f r o m the m e t e o r o l o g i c a l 
s t a t i on l o c a t e d at a d i s t a n c e of 500 m f r o m t h e o r c h a r d . 
Results 
Total amounts of heat required for the flowering of apricot w ere deter-
mined first — from the 1st January, above 0 °C. On the average of 10 years 
it is 342 ° C , and is completed on about the 8th April. V I T A N O V ' S (1963) data 
on Bulgarian conditions are nearly the same, as he gives 248 °C from February 
1, which can be expected by the end of March or beginning of April. Dispersion 
on the 10 years average is 32.1 degrees; the earliest date of flowering is March 
27, while the latest one is April 20. Thus, even the highest extremities of 
the weather did not cause more than 3 4 weeks' difference in flowering 
in the 10 years studied. 
Investigations were aimed partly at determining the end of dormancy 
in flower buds. Therefore the total amounts of heat above 0, 1, 2, 3, 10 °C 
were calculated with various dates of beginning (November 1 and 16, Decem-
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her 1 and 16, January 1). Dispersion and variation coefficient were calculated 
for them. Data are presented in Table 1. Supposing, that under identical condi-
tions flowering requires the same amount of heat each year, the date heat 
amounts showing the lowest differences are calculated from, is accepted as 
terminating date of dormancy in apricot. Differences are expressed by the 
dispersion values. Dispersion values could not, however, be simply compared, 
as heat amounts totalled from January 1 were lower than those totalled from 
November 1, so — naturally — dispersion values relatively decreased as 
well. For the purpose of comparison a variation coefficient was determined, 
so variation of da ta of different order of magnitude could be compared. 
The CY values (variation coefficient) of Table 1 are the lowest with heat 
amounts calculated from 16th December, and are not much higher than those 
calculated from January 1. With earlier dates CY values are higher and are 
the highest when heat is totalled from November 1. This date (middle of 
December) — with minor differences — corresponds to data obtained when 
forcing shoots and evaluating the winter growth of buds. Otherwise, according 
to literary data and our own experiments, termination of dormancy in flower 
buds cannot be determined by a single date. The date changes depending 
on whether it is related to individual buds, to an average of buds or to flower 
buds on the whole. Present paper considers the end of the dormant stage 
as a state or da te when dormancy has terminated in the majority of flower 
buds (in 80 — 90 per cent of flower buds on the first growth of the fruit spur). 
The other object of our investigations was to determine the biological 
zero point in apricot. In one of the approaches even for this purpose heat 
amounts calculated from various dates and various fictive heat thresholds 
were used (Table 1). According to the table the threshold of heat required 
for the development of flower buds in apricot is 3 °C, though 2 °C seems to be 
just as good. 
After the calculations completed and on the basis of literary data the 
3 °C (daily mean temperature) obtained was thought to be at the same time 
the biological zero point. Nevertheless, this assumption proved to be wrong. 
With the winter growth of buds studied, fur ther , in other related experiments 
it was found tha t buds evidently grow even when the daily mean temperature 
does not reach 3 °C. Thus, the 3 °C daily mean temperature is not the wanted 
biological zero point, it is only a 'heat threshold' that can he used when 
calculating the total amount of heat required for flowering. The questions 
of biological zero point determined will be dealt with in another paper. 
Since among the daily temperature values only the warmer zones can 
induce growth, and the 3 °C daily mean temperature obtained during the 
calculations postulates generally maxima of 5— 9 °C, therefore with this 
heat threshold temperatures of 5— 9 °C should he interpreted as active tem-
peratures. 
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Table 1 
Effective total heat required for flowering in Hungarian apricot 
(Expressed in daily mean tempera ture ) 
(Average of 10 years) 
Above 0 °C Above 1°C Above 2 °C 
Aver, 
total 
heat 
Disper 
sion cv 
Aver, 
total 
heat 
Disper-
sion CV 
Aver, 
total 
heat 
Disper-
sion cv 
From Nov . 1. 
to f lowering 
588.6 68.6 11.7 489.3 61.8 12.6 402.2 55.6 13.8 
From j \ o v . 16 
to f lower ing 
468.7 54.4 11.6 382.8 44.5 11.6 310.0 34.7 11.2 
From Dec. 1 
to f lower ing 
405.5 58.1 14.3 331.6 46.3 14.0 269.6 33.5 12.4 
From Dec. 16 
to f lowering 
366.4 35.7 9.8 300.9 29.0 9.6 246.8 20.7 8.4 
From J a n . 1 
to f lowering 
342.3 32.1 9.6 283.5 27.3 9.6 234.2 23.0 9.8 
Above 3 °C Above 4 °C Above 5 °C 
Aver, 
total 
heat 
Disper-
sion j cv 
Aver 
total 
heat 
Disper-
sion CV 
Aver, 
total 
heat 
Disper-
sion CV 
Front N o v . 1. 
to f lower ing 
326.5 49.8 15.3 267.3 51.1 18.4 210.4 52.6 25.0 
From Nov . 16 
to f lowering 
248.3 27.9 11.3 203.2 29.4 14.5 158.4 35.5 22.4 
From N o v . 1 
to f lower ing 
217.4 24.0 1 1 . 0 171.4 19.1 11.1 132.1 18.3 13.8 
From Nov . 16 
to f lower ing 
199.8 14.9 7.5 162.5 16.1 9.5 122.0 12.2 9.7 
From Nov . 1 
to f lower ing 
190.7 19.7 9.4 156.5 16.7 12.1 118.1 16.9 14.3 
Tlie question of what is the cause of the considerable difference between 
the calculated heat threshold and the actual biological zero point — is raised. 
In this respect we have only theories. The exact cause is to be find by sub-
sequent investigations. According to our theories and investigations started 
the cause of the difference should primarily be looked for in the peculiar heat 
energy management of buds. 
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Intensive insolation in fine weather is a frequent phenomenon both 
in winter and spring. This insolation cannot warm up the air due to the frozen 
soil, but at the same time warms up — depending on the albedo — objects 
in its way, including the buds of trees ( B R O W N 1 9 5 8 ) . Thus life functions 
may start in the buds even when temperature of air is near to 0 °C ( D R A C Z I N -
S K I 1 9 5 8 ) . 
The difference between the two temperatures may he caused by the 
method of heat calculation. According to some authors, e.g. T A M Á S (1959) 
plant growth shows a parabolic regression as a reaction to increased tempera-
ture. Accordingly, the effect of a given amount of heat depends on whether 
it is lower or higher temperatures that make it. For example, temperatures 
above 15 °C induce much more intensive growth than those above 5 °C. 
And we — when simply totalling temperatures above an assumed threshold 
of heat — performed, in fact, a linear regression calculation. Consequently, 
if the actual relation between growth and temperature is still parabolic, then 
increased growth resulted from higher temperatures should be compensated 
for somewhere else. By the fact that the temperature obtained as a threshold 
is higher than it really is, the process of calculation leaves out growth reactions 
evoked by the lower temperatures. In other words, temperatures of those 
days are recorded only on which a considerable growth of buds can already 
be found. 
It is also highly probable that parallel with the development of annual 
\ egetation both heat thresholds and heat optimums required by the individual 
phenophases are to set in change. 
Discussion 
There are several questions raised in connection with the heat calcula-
tion. One of them is the natural contradiction between the effect of heat 
and the daily mean temperature considered. Namely the temperature consid-
ered does not precisely reflect the amount of heat obtained. 
Another factor that could not he taken into consideration is the depres-
sion occurring in the flower buds as induced by very cold weather. On the 
18th December 1963 the temperature of air fell to -22 °C, and on this account 
the length of pistils decreased by 9 per cent. Similar depression has been 
observed in other species and years as well. 
Another question is whether cold causes such lesions in the cells as hin-
dering subsequent development either temporarily or permanently. In some 
cases it may possibly have harmful after-effects but this has not been confirmed 
with data as yet. In this context the effect on flowering of negative temper-
atures (below 0, 5, 10 °C) was also taken into consideration. Apart 
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from the f ros t damage in 1960, flowering in other years was not appreciably 
either stimulated or inhibited by the extent and duration of cold weather. 
Since the average deviation from the amount of heat required for flow-
ering is —14.9 °C which corresponds to deviation within a day, and phe-
nological da t a are also of such reliability, total heat could not be determined 
with greater accuracy. 
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A COMPARATIVE STUDY OF THE PROTEIN CONTENT 
OF SOME IMPROVED WHEAT VARIETIES AS INFLU-
ENCED RY NITROGEN FERTILIZATION AND SOWING 
TIME 
By 
A . A U S T I N , B . K U M A R , T . V . R . N A I R 
DIVISION O F G E N E T I C S , I N D I A N A G R I C U L T U R A L R E S E A R C H I N S T I T U T E , N E W D E L H I 
T e n n e w l y evolved w h e a t var ie t ies were c o m p a r e d wi th 3 s t a n d a r d var ie t ies 
wi th regard t o t h e i r response t o n i t rogen f e r t i l i z a t i o n under t i m e l y a n d late sowing 
condi t ions . T h e r e su l t s in g e n e r a l show tha t the e f f e c t s of variet ies, n i t r o g e n and sowing 
t ime on t h e p r o t e i n con ten t w e r e highly s i g n i f i c a n t . N P 880, H D - 1 1 1 1 , HD-1148 . 
N P 843, N P 847 a n d N P 863 w i t h protein c o n t e n t v a r y i n g f r o m 1 1 . 2 4 % to 12 .84% 
proved to b e s u p e r i o r to all t h e t h r e e s t a n d a r d v a r i e t i e s . As for t h e overa l l effect of 
n i t rogen, t h e r e sponse to f i r s t dose was g r e a t e r t h a n t ha t for t h e add i t iona l dose , 
ind ica t ing t h a t t h e response is q u a d r a t i c . P r o t e i n c o n t e n t ob t a ined u n d e r late sowing 
condi t ions w a s f o u n d to be s i g n i f i c a n t l y higher t h a n t h a t unde r t i m e l y s o w i n g condi t ions . 
The i n t e r a c t i o n b e t w e e n v a r i e t y a n d ni trogen w a s f o u n d to be s i g n i f i c a n t . N P 854 a n d 
t h e control N P 830 responded s ign i f i c an t l y only t o 40 kg N f e r t i l i z a t i o n . All the o t h e r 
var ie t ies h a d a s ign i f ican t r e s p o n s e to both n i t r o g e n doses. The r e s p o n s e s of N P 843 . 
N P 847 a n d N P 863 are c o m p a r a b l e to С 281 w h i c h has been f o u n d t o be the b e s t 
control in t h i s r e spec t . The i n t e r a c t i o n between v a r i e t y and sowing t i m e was found t o 
be s ign i f ican t . U n d e r la te s o w i n g condi t ions N P 863 , N P 847, N P 843 , I ID-1148 a n d 
HD-1111 g a v e s igni f icant ly h i g h e r protein c o n t e n t t h a n all the t h r e e controls. T h e 
s ignif icant i n t e r a c t i o n be tween n i t r o g e n and s o w i n g d a t e showed t h a t n i t rogen fer t i l -
ization has a g r e a t e r effect u n d e r n o r m a l sowing c o n d i t i o n s on t he i n c r e a s e in p ro te in 
con ten t of g r a i n s . The t r iple i n t e r a c t i o n : v a r i e t y X n i t r o g e n X s o w i n g t i m e show t h a t 
u n d e r t ime ly s o w i n g condi t ions N P 863, N P 847, N P 880, N P 871, N P 857, HD-1111 . 
HD-1148 a n d t h e contro ls N P 8 2 4 a n d С 281 r e s p o n d e d s ign i f i can t ly t o bo th n i t rogen 
doses, w h e r e a s u n d e r late s o w i n g condi t ions t h e b e s t variet ies were N P 843. N P 863 
a n d N P 869. 
Introduction 
With the recent trends of stressing quality aspects in wheat breeding 
programmes on scientific basis rather than on morphological characteristics 
of the grain, protein content is one of the major characters of grain quality. 
Wheat and other cereals form the main source of protein supply of the Indian 
population among whom malnutrition is very prevalent. With the mean protein 
values varying from 10 to 16%, some improved varieties developed in the 
recent years by the breeders in India proved to be superior to the older Indian 
wheats ( A U S T I N et al. 1 9 6 2 , 1 9 6 8 ) . Some of these varieties showed marked 
varietal responses to different doses of nitrogen fertilization, producing increas-
ed protein content ( A U S T I N M I R I 1 9 6 1 ) . These findings point out the possi-
bility of raising the protein content in wheat by improving variety and agri-
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cultural practice. In the light of this, a number of new varieties were examined 
for protein content as influenced by variety, nitrogen fertilization and sowing 
time differences. 
T e n improved w h e a t varieties, n a m e l y : N P 843, N p 847, N P 857, N P 858, N P 863, 
N P 869, N P 841, NP 880, HD-1111 and H D - 1 1 4 8 along with t h r e e s tandard va r i e t i e s , namely: 
N P 824, N P 830 and С 281 were grown in t h e exper imenta l f a r m of the B o t a n y Division 
under t w o sowing dates (i .e. t imely sowing 15h November — S, and late sowing — 15th 
December — S2) with t h r e e doses of n i t rogen (0 , 40 and 80 kg N /hec t a r e ) in f o r m of ammonium 
su lpha t e . T h e exper iment w a s conducted in spl i t plot design in four repl icat ions wi th main 
plots as combinat ions of n i t rogen with sowing date and sub -p lo t s as var ie t ies . The grain 
samples were taken f r o m e a c h replication f o r t he de te rmina t ion of protein c o n t e n t ( N x 5 . 7 ) 
according t o the usual K j e l d a h l method. 
The analysis of variance presented in Table 1 shows that all the main 
effects and their interactions are highly significant. Table 2 gives the means 
of the main effects and their critical differences at 5 % level. The data show 
that NP 863 having a protein content of 12.84% proved to be significantly 
superior to all the other varieties, while the significantly lowest value of 
10.53% was found in the check var ie ty С 281. With regard to the influence 
of nitrogen doses, it was found t h a t the protein content increased with the 
Material and Method 
Results 
T a b l e 1 
Analysis of variance 
Due to s.s MSS F values 
Blocks 
N 
S 
N X S 
E r r o r (a) 
V 
V x N 
V X S 
VxNxS 
E r r o r (b) 216 
3 
2 
1 
2 
15 
12 
24 
12 
24 
0 .2033 
195.2201 
47.9566 
14.1604 
0.9192 
101.7357 
33.0893 
28.8707 
26.7785 
8 .3423 
0 .0677 
97.6100** 
47.9566** 
7.0802** 
0.06138 
8.4779** 
1.3787** 
2.4059** 
1.1158** 
0.0386 
1592.33 
782.326 
115.5 
219.63 
35.717 
62.329 
28.906 
1.104 
** indicates s ignif icance at 1% level. 
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Table 2 
Mean protein percentage of dry material 
Due to varieties 
Variety 
Mean protein 
content Nitrogen 
Mean protein 
content 
N P 863 12.84 N o 10.29 
N P 847 11.79* N 4 „ 11.51 
N P 843 11.72* N8„ 12.20 
H D 1148 11.67* 
H D 1111 11.47 
N P 880 11.24* 
N P 830 (Check) 11.20* 
N P 824 (C) 11.18* 
N P 871 11.13* 
N P 858 11.00 
N P 869 10.81* 
N P 857 10.74* 
С 281 10.53 
0.11 
Due to nitrogen Due to sowing date 
Sowing date 
Si 
s, 
Mean protein 
content 
10.94 
11.72 
CD a t 5 % level = 0.07 CD at 5 % level = 0.06 
* Indicates non-signif icant groups 
Table 3 
Mean protein percentage of dry material as affected by the interaction between variety and nitrogen 
Variety No N.. N.. 
N P 863 11.21 13.23 14.08 
N P 847 10.04 12.55 12.78 
N P 843 10.36 11.98 12.84 
H D 1148 11.01 11.62 12.38 
H D 1111 10.38 11.85 12.20 
N P 880 10.38 11.15 12.20 
N P 824 10.29 11.61 11.70 
N P 871 10.35 11.21 11.99 
N P 858 10.79 10.85 11.37 
N P 869 9.99 10.57 11.88 
N P 857 9.50 11.27 11.45 
C. 281 9.09 10.73 11.76 
CD for ( V x N ) a t 5 % level = 0.19 
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application of nitrogen. As for t he effects of sowing date, the protein content 
was significantly higher under late sowing conditions. 
The interactions between varieties and nitrogen presented in Table 3 
show that all the varieties except NP 857, NP 858 and one of the controls 
N P 830 produced significantly higher protein content with the application 
of 40 and 80 kg N. NP 830 and N P 857 responded significantly only to 40 kg 
N, whereas NP 858 required 80 kg N. The performance of N P 847, NP 863, 
N P 843 and the standard С 281 was found to he especially superior. 
The results of the interactions between varieties and sowing dates 
presented in Table 4 show that N P 863 has given the highest protein content 
unde r both timely and late sowing conditions. NP 863, N P 847, NP 843, 
HD-1111 and HD-1148 under la te sowing conditions produced significantly 
higher protein content than all the 3 controls. Under late sowing conditions 
N P 880 showed no specific increase, while NP 824 showed a significant decrease 
in protein content. 
The significant interactions between nitrogen and sowing dates present-
ed in Table 5 show that the increases in protein content as affected by fertil-
ization were not similar under the two sowing times. Under normal sowing 
conditions 40 kg and 80 kg N produced increases of 15% and 24%, respec-
tively over the control, while under late sowing conditions the increases 
Mean protein percentage of dry material as affected by the interaction between variety and sowing 
Table 4 
Variety S, s. 
N P 863 
N P 847 
N P 843 
H D 1148 
H D 1111 
N P 880 
N P 830 
N P 824 
N P 871 
N P 858 
N P 869 
N P 857 
С 281 
1 2 . 1 2 
11.55 
11.15 
11.30 
10.56 
11.24 
10.72 
11.50 
10.81 
10.71 
10.13 
10.44 
10.02 
13.55 
12.03 
12.30 
12.04 
12.39 
11.25 
11.68 
10.86 
11.44 
11.29 
11.49 
11.04 
11.03 
CD for (V x S ) at 5 % level ==0.16 
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Table 5 
Protein percentage as affected by the interaction between nitrogen and sowing time 
Nitrogen 
Sowing date 
«lose 
Timely Late Mean 
N 0 9.63 10.94 10.29 
N 4 0 11.12 11.91 11.52 
N 
8° 12.08 12.32 12.20 
M E A N 10.94 11.72 
CD for ( V x S ) at 5 % level = 0.10 
were only of 8 % and 12%, respectively. This shows that the nitrogen fertil-
ization is more beneficial under normal sowing conditions. Under both sowing 
dates the application of the two doses of nitrogen produced significantly 
higher protein content. 
The triple interaction: variety X nitrogen X sowing time is presented 
in Table 6. Under normal sowing conditions N P 843 and the control NP 830 
gave significant response to 40 kg N, but no additional response was obtained 
Table 6 
Mean protein content of dry material as affected by the interaction: variety X nitrogen Xsowing time 
Variety 
s, (Timely sowing) s, (Late sowing) 
N. N.. N . N. N.. N.. 
N P 863 9.94 12.53 13.90 12.48 13.92 14.26 
N P 847 9.86 12.18 12.62 10.22 12.92 12.94 
N P 843 9.79 11.78 11.87 10.92 12.18 13.81 
H D 1148 10.34 11.41 12.14 11.67 11.83 12.62 
H D 1111 9.47 10.77 11.43 11.28 12.92 12.96 
N P 880 9.57 11.05 13.10 11.19 11.25 11.30 
N P 830 9.21 11.41 11.53 11.37 11.81 11.87 
N P 824 9.89 11.58 13.04 10.80 10.85 10.94 
N P 871 9.78 10.98 11.66 10.91 11.16 12.26 
N P 858 10.36 10.39 11.38 11.22 11.30 11.35 
N P 869 9.49 9.69 11.21 10.48 11.45 12.54 
N P 857 9.08 10.95 11.31 9.92 11.59 11.60 
С 281 8.46 9.80 11.81 9.73 11.66 11.70 
CD for ( V x N x S ) at 5% level = 0 . 2 7 
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when applying another 40 kg N. NP 858 and NP 869 which did not give sig-
nificant response to 40 kg N, showed significant increase with 80 kg N. 
All the other varieties responded significantly to both nitrogen doses. NP 
863, NP 880, NP 824 and С 281 have been found to be especially superior 
to the other varieties considering their response to nitrogen fertilization. 
Under late sowing conditions NP 858, NP 880 and the check variety 
NP 824 did not show any beneficial response to nitrogen fertilization, whereas 
NP 843, NP 863 and NP 869 showed beneficial response to both nitrogen 
doses. I t may be noted that among the varieties only NP 863 proved to be 
excellent under both the sowing dates, concerning the nitrogen responses. 
NP 847, HD-1111, NP 857 and 2 of the controls, namely: NP 830 and С 281 
responded only to 40 kg N, whereas NP 871 and HD-1148 required 80 kg 
N of it to produce a significant increase in protein content. 
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A LARGE-LEAVED SPONTANEOUS MUTATION OF 
LUPINUS LUTEUS L. 
By 
F . B O R B É L Y , I . B O R B É L Y 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F N Y Í R S É G , N Y I K T E L E K - G Y U L A T A N Y A 
In 1961 t h e au tho r s f o u n d a new la rge - leaved spon taneous m u t a t i o n in t he 
l up ine va r i e ty " G y u l a t a n y a i 784" . In t h e p rogeny of t h e m u t a n t t h e a u t h o r s s tud ied 
t h e morpho logy of t h e leaf ( leaf le t ) , a n d some of t h e charac te r i s t i c s r e l a t e d to produc-
t i v i t y in o rde r t o o b t a i n p r e l i m i n a r y i n f o r m a t i o n . T h e l ea f -var ia t ion of t h e m u t a n t 
w a s compared w i t h t h e c o r r e s p o n d i n g d a t a of t h e i n i t i a l va r ie ty a n d t h e wild lup ine , 
whi le c h a r a c t e r i s t i c s re la ted to p r o d u c t i v i t y w i t h t h o s e of the in i t i a l v a r i e t y only . 
O n t he basis of v a r i a t i o n a n a l y s e s leaf m e a s u r e m e n t s of va r ia t ions e x a m i n e d were 
f o u n d to be s i g n i f i c a n t l y d i f f e ren t . T h e size of t h e l e a f l e t s increased in t h e following 
o r d e r : wild l u p i n e init ial v a r i e t y m u t a n t . W h e n compared to t h e in i t i a l va r i e ty 
d i f fe rence in l e n g t h was -(-15.3 p e r c e n t , while in w i d t h i t was - j-37.3 p e r c en t . Differ-
ences were] f o u n d also in the t y p e a n d var ia t ion r a n g e of f r e q u e n c y d i s t r i b u t i o n in 
leaf wid th . I t w a s f o u n d f u r t h e r , t h a t m u t a t i o n e f f e c t a f f ec t ed not o n l y t h e d imension 
h u t also the s h a p e of the leaf let . L e n g t h / w i d t h r a t i o of leaf le ts is l ower in t h e m u t a n t 
t h a n in the i n i t i a l v a r i e t y . A c c o r d i n g t o au thor s ' i n v e s t i g a t i o n s seed p r o d u c t i o n of t h e 
m u t a n t p roved t o h e lower t h a n t h a t of the in i t ia l v a r i e t y . They p o i n t o u t , however , 
t h a t one year is t o o shor t a t ime t o cons ider the d i f f e r e n c e s found as f i n a l , a n d f u r t h e r 
inves t iga t ions c a r r i e d out with a h i g h e r n u m b e r of p l a n t s are r equ i r ed . A u t h o r s t h ink 
t h a t i t is p r o b a b l e t h a t t he new m u t a n t as a c ross ing p a r t n e r m a y b e c o m e va luab le 
bas i c mate r ia l of b reed ing . 
Introduction 
Frequency of occurrence of both spontaneous and induced mutations 
is relatively high in the lupine varieties ( H A C K B A R T H — T R O L L 1 9 5 9 ) . Majority 
of morphological mutants found in L. luteus showed changes in the colour 
of leaves ( H A C K B A R T H 1 9 5 7 ) . Only two mutations affecting the leaf shape 
and leaf measurements respectively, have been known so far: the "macro-
mutan t " 1 , described by E D W A R D S O N — C O R B E T T ( 1 9 6 9 ) , where leaf blades 
are grown together in a funnel-like fashion, and the "digitate-leaved" mutant 
observed by T R O L L ( 1 9 5 9 ) , where the number of leaflets has multiplied. 
H A C K B A R T H — T R O L L (1959) consider leaf measurements as important 
characteristics worth paying attention to from a breeding point of view, 
and in the case of lupines leaf is a yield component as well. 
S T O Y (1953) attributes an important role to the leaf surface area when 
development of more productive varieties is considered. In his opinion good 
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utilization of solar energy by the giv en plant - tha t is, the largest possible 
quanti ty of dry mat ter accumulated — is a decisive precondition of obtaining 
highly productive varieties. This statement seems to be confirmed by S C H O L Z ' S 
observation ( 1 9 5 7 ) . In his experiment the broad-leaved mutant of winter 
barley gave higher seed yield than the normal leaved control in two of the 
three years of the experimental period. On the other hand, Z A C H O V ( 1 9 6 0 ) 
found no definite correlation between leaf measurements, green yield and 
seed production when studying L. lut eus mutants of different hairiness. 
This paper presents a new large-leaved spontaneous mutat ion found 
in 1961 in the test plot of the variety "Gyulatanyai 784". The mutant has 
non-scattering white seeds and a low alkaloid content. It differs remarkably 
from the initial variety with the larger size of its leaves and leaflets. Tempora-
rily the name "macropliyllus" has been given to it. 
Our investigations were aimed at determining precisely the measurements 
of the leaflet and gaining information on the economic and breeding value 
of the mutant by comparing several characteristics of the variety Gyt. 784 and 
the large-leaved mutan t . 
Material and Method 
V a r i a t i o n ana lyses w e r e carried o u t in 1968 wi th 60 p l a n t s i n each type . P l a n t s or ig inated 
f r o m p l o t s h a n d s o w n o n March 26 w i t h a spacing of 2 0 x 1 0 cm. The f o l l o w i n g m a j o r 
c h a r a c t e r i s t i c s were e x a m i n e d : leaflet n u m b e r of leaves, l e n g t h a n d wid th of l e a f l e t s , f resh 
we igh t of p l an t s , i n d i v i d u a l seed p r o d u c t i o n , p o d n u m b e r p e r p l a n t and seed n u m b e r per pod. 
Lea f e x a m i n a t i o n s w e r e pe r fo rmed in t h e e igh th leaf f r o m t h e base of t h e p l a n t . Length 
a n d w i d t h of each l e a f l e t w e r e measured . A t t h e t ime of t h e e x a m i n a t i o n p l a n t s were a t the 
end of f lower ing , in t h e p h a s e of pod f o r m a t i o n . 
D a t a were e v a l u a t e d w i t h the u sua l m e t h o d of b i o m e t r y . 
Results 
Morphological peculiarities of the mutant's leaves were compared with 
those of the initial variety and of the wild lupine, while characteristics related 
to productivity only with the corresponding data of the initial variety. 
Fig. 1 shows one characteristic leaf of each of the examined types, 
while Fig. 2 several leaf types of the mutant. Data are summarized in Tables 
1 and Fig. 3. Subsequently, characteristics examined are dealt with one 
by one. 
Leaflet number of leaves (Fig. 3 A). Determination of the characteristic 
leaflet number requires further investigations. Data, however, suggest a change 
in the leaflet number of the mutant ' s leaf. Leaves with 10 and I I leaflets 
occur with a very high frequency as compared to leaves with 9 leaflets of the 
initial variety. The frequent occurrence of leaves with 11 leaflets is remarkable 
in the wild type. 
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l> Q y u l a t a n y a i 7 8 4 
L a r g e - l e a v e d m u t a n t 
Fig. 1. Pho tocopy of one character is t ic leaf of each yel low lupine va r ie ty e x a m i n e d 
Table 1 
Statistical evaluation of characteristics examined in the wild variety, the initial variety and the mutant 
G y u l a t a n y a , 1968 
Varieties Charaeteristies examined 
Number 
of 
obser-
vation 
<n) 
Mean 
value 
mm 
X 
Error of 
the mean 
value 
(six) 
Disper-
sion 
M 
Variation 
coefficient 
(CV%> 
S.d. 
0.1% 
Wild var ie ty 
Gy t . 784 
M u t a n t 
L e n g t h of 
leaf t le t s 
(mm) 
592 
526 
574 
44.83 
49.52 
57.12 
+ 0.26 
+ 0 . 2 5 
± 0 . 3 1 
6.40 
5.74 
7.43 
14.3 
11.6 
13.0 
1.204 
1.326 
Wild var ie ty 
Gyt . 784 
M u t a n t 
W i d t h of 
leaflets 
(min) 
592 
526 
574 
9.66 
11.45 
15.73 
+ 0.08 
+ 0.06 
± 0 . 1 2 
1.89 
1.44 
2.89 
19.6 
12.6 
18.4 
0.333 
0.458 
Gy t . 784 
M u t a n t 
Ind iv idua l 
seed product ion 
60 
60 
6.56 
4.55 
+ 0.24 
± 0 . 3 0 
1.88 
2.34 
28.6 
51.4 0.50 
Gy t . 784 
M u t a n t 
Pod n u m b e r 
per p l a n t 
60 
60 
16.33 
10.31 
+ 0 . 6 5 
± 0 . 5 1 
5.09 
4.00 
31.1 
38.7 2.32 
Gyt . 784 
M u t a n t 
Seed n u m b e r 
per p o d 
60 
60 
3.33 
3.08 
+ 0 . 2 0 
± 0 . 1 6 
1.27 
1.20 
38.1 
38.9 0.16 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
6 4 F. B O R B É L Y and I. BOHBÉIA 
Fig. 2. Various leaf t y p x of the m u t a n t 
Length of leaflets (Fig. 3 B). Leaflets of the mutant are significantly 
longer (x = 57.12) than those of either the initial variety (x = 49.52) or the 
wild type (x = 4 4 . 8 3 ) . The difference is significant: -f-15.3 per cent and 
T 27.4 per cent as compared to the initial varietv and the wild type 
respectively. 
There is no considerable difference in variation range between the varie-
ties. In the case of the mutant the mode is much more on the right, at the 
higher value, but its class frequency is lower than in both varieties. The varia-
tion curve of the mutan t shows a frequency close to the normal distribution. 
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Width of leaflets (Fig. 3 C). The leaflets of the mutant are significantly 
wider (x = 15.73) than those of both л-arieties (x = 11.45; x = 9.66). Leaflets 
of the mutant are 37.3 per cent wider than those of the initial variety and 
62.8 per cent wider than the leaflets of the wild lupine. 
The trend of polygons shows that the leaflets of the mutan t are essen-
tially different f rom both varieties not only in width but also in frequency 
distribution. The range and extent of variation is higher in the mutant . 
Frequency Frequency 
Fig. 3. Var ia t ions of charac te r i s t i cs examined , in the wild v a r i e t y , in the initial v a r i e t y and 
in its m u t a n t . A. leaflet n u m b e r of leaves; B. l e n g t h of leaflets; C. w i d t h of leaflets; D . individual 
seed p roduc t i on ; E. pod n u m b e r per p l an t ; F . seed number p e r pod . — — — W i l d va r i e ty ; 
. . . . G v u l a t a n y a i 784; Large- leaved m u t a n t 
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Fresh weight of plants. Plants were cut off at 6 cm above the soil surface. 
Leaves and stems were weighed separately. (Unfortunately only f ive plants 
per variety could be weighed.) The following average weights per plant were 
obtained (g): 
L e a f S t e m Whole p lan t 
Initial v a r i e t y 3 9 
1 
4 0 7 9 
Mutant 6 0 65 125 
If the above differences are confirmed later, the mutant is expected 
to surpass the initial variety in green mass. 
Individual seed production (Fig. 3 D). According to the mean values 
seed production of the mutant (x = 4.55 g) is significantly lower than that 
of the initial variety (x = 6 . 5 6 g ) . In the initial variety variation range is 
4.5 g (6.25 — 10.75 g), while in the mutan t it is 10.75 g (0.25 — 11.00 g). Variation 
range as well as the high variation coefficient obtained in the mutan t (51.42 
per cent) call at tention to the extreme variability of individual seed production. 
Pod number per plant and seed number per pod. According to the data 
both characteristics are inferior in the mutant. The pod number is signifi-
cantly higher in the initial variety (x = 16.33) than in the mutant (x = 10.31) 
(Fig. 3 E). The la t ter shows higher variability. 
Regarding seed number per pod the initial variety is better again (Fig. 
3 F). No appreciable difference can be found, however, in the extent of varia-
bility. Comparison between the two characteristics reveals t h a t difference 
in favour of the initial variety is essentially greater in pod number per plant 
than in seed number per pod. 
Data point out at the same time that the lower seed production of the 
mutan t is, in fact , the consequence of the lower number of pods per plant. 
Discussion 
On the basis of the results of investigations the following differences 
can be established between the leaves (leaflets) of the initial variety and those 
of the mutant: 
1. Leaves of the mutant are significantly larger due to the greater 
length and width of leaflets. 
2. No considerable difference can be found in the variation in length 
of the leaflet, while the variation in width — both in the character of frequency 
distribution and in the range of variation — is highly different. 
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3. The mutation has affected the shape of the leaflet too, since leaflets 
of the mutan t are 15.3 per cent longer and 37.3 per cent wider on the average. 
Change towards the "macrophyllous character" can be considered 
favourable ( H A C K B A R T H — T K O L L 1 9 5 9 , S C H O L Z 1 9 5 7 , S T O Y 1 9 6 3 ) . In our 
own investigations, however, no favourable change occurred in seed production 
as an effect of the larger leaves. On the contrary, among factors determining 
the amount of seed production characteristics examined were, on the average, 
of lower value in the mutant . Individual seed production of the initial variety 
proved to be significantly higher under the given conditions of examination, 
due primarily to the considerably higher number of pods. 
Differences obtained, though statistically proved, cannot be considered 
as final due to the low number of plants examined. Thus, practical importance 
of the mutant can be assessed only af ter obtaining da ta of several years inves-
tigation on the basis of a higher number of plants. Analysis of data, and the 
higher variability of certain characteristics suggest however, tha t the new 
inutant may become a valuable initial material for further breeding work. 
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EFFECTS OF LOW DOSES OF FAST NEUTRONS AND 
GAMMA RAYS ON THE HUNGARIAN RICE VARIETY 
DUNGHAN SHALI 
B y 
K . K A R U N A K A R A N , I . S I M O N 
RESEACH I N S T I T U T E FOR I R R I G A T I O N AND RICE C U L T I V A T I O N , S Z A R V A S 
Resul ts of u p o t cul ture e x p e r i m e n t are r e p o r t e d . I m p r o v e d g e r m i n a t i o n and 
s t i m u l a t e d ea r ly seedl ing g rowth w i t h b e t t e r root a n d s h o o t d e v e l o p m e n t w e r e recorded 
u n d e r t r e a t m e n t s w i t h 50 and 100 r a d s . Seedlings t r e a t e d w i t h low doses s h o w e d increased 
\ - P u p t a k e . F l o w e r i n g d u r a t i o n w a s n o t f o u n d to b e a f f e c t e d . 
Introduction 
Though growth stimulation by low doses of radiations in different crops 
has been reported by many workers ( B O W E N et al. 1963, S A X 1963, Süss — 
H A I S C H 1964), reports on such studies with rice were not found even among 
papers presented at the FAO/IAEA Panel Meeting held in Rome in June 
1964. Results of a pot culture experiment with Dunghan Shali variety of 
rice (Oryza sativa L. sub. sp. japonica) applying four doses of fast neutrons 
and gamma rays are dealt with in this paper. 
Material and Method 
D r y seeds ( m o i s t u r e c o n t e n t a b o u t 13 p e r cent) were i r r a d i a t e d wi th 50, 100, 150 and 
206 r a d s f a s t neu t rons ( S N I F , Aus t r i an A S T R A reac tor ) a n d g a m m a rays ( e oCo g a m m a cell). 
The i r r a d i a t i o n s were p e r f o r m e d a t the I A E A Labora to r i e s , S e i b e r s d o r f , A u s t r i a , a n d t h e crop 
g r o w n i n p o t s a t the G a l a m b o s e x p e r i m e n t a l f a r m of t he R e s e a r c h I n s t i t u t e f o r I r r iga t ion 
a n d R i c e Cul t iva t ion , S z a r v a s , in s u m m e r , 1969 . F o u r h u n d r e d seeds were t r e a t e d i n e a c h case, 
a n d s o w n in f o u r r ep l i ca t ions . T h e same n u m b e r of seeds w i t h f o u r r ep l i ca t ions s e r v e d as 
con t ro l . 
T h e ea r ly o b s e r v a t i o n s oil g e r m i n a t i o n a n d seedling g r o w t h were based o n al l t h e four 
r e p l i c a t i o n s , whereas t h e l e n g t h and w e i g h t m e a s u r e m e n t s of s h o o t and roo t a n d t h e N — P 
e s t i m a t i o n s of shoot were b a s e d oil t he s e e d l i n g s f r o m one r e p l i c a t i o n . T h u s t h e o b s e r v a t i o n s , 
one m o n t h a f t e r sowing, w e r e based on t h r e e rep l ica t ions . 
I n de t e rmin ing N P c o n t e n t s of s e e d l i n g s t he m e t h o d of SARKADI—KRÄMF.R (1961) 
was u s e d . 
Results 
Germination and plant survival. A general increase in germination rang-
ing from 12 to 20 per cent over control was observed in all the treatments. 
The plant survival up to flowering was also found to he more in the treated 
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Table 1 
Effect of low doses of radiation on germination, growth, and plant survival in rice 
Treatments 
Germination percentage Survival percentage 
up to maturity Seedling/plant height in cm 
Actua l Rel. Actual Relative 2 weeks At 1 month Flowering 
Fast neutrons, rads 
50 
100 
150 
200 
86.25 
88.00 
88.50 
92.25 
113.11 
115.40 
116.06 
120.98 
80.00 
86.00 
78.00 
82.00 
126.32 
135.80 
123.16 
129.48 
11.54 
12.76 
11.86 
12.05 
22.73 
21.30 
21.96 
19.88 
65.14 
62.87 
66.60 
62.73 
Ga m m a rays, rads 
50 
100 
150 
200 
88.50 
90.25 
88.50 
86.00 
116.06 
118.36 
116.06 
112.77 
80.66 
75.33 
77.33 
76.00 
127.36 
118.95 
122.11 
120.01 
12.26 
11.84 
12.79 
12.50 
22.65 
22.41 
22.31 
21.02 
69.71 
69.58 
69.80 
61.27 
Control 76.25 100.00 63.33 100.00 11.45 22.05 68.21 
Table 2 
Characteristics of one-month-old seedlings from rice seeds subjected to low doses of 
radiations 
Treatments 
Weight in mg 
per seedling 
Shoot /Root 
N -P content of shoot 
in dry weight percentage 
N / P 
Shoot Root N P>O s 
Fast neutrons, rads 
_ _ 
50 128.12 57.62 2.22 3.02 0.47 6.43 
100 113.00 50.50 2.24 2.83 0.44 6.43 
150 84.67 46.08 1.84 2.94 0.44 6.68 
200 103.40 48.68 2.12 3.39 0.45 7.53 
Gamma rays, rads 
50 105.32 48.36 2.18 3.05 0.47 6.49 
100 106.12 50.32 2 .11 3.36 0.49 6.86 
150 94.34 49.67 1.90 3.28 0.43 7.63 
200 91.53 42.17 2.17 3.05 0.44 6.93 
Control 92.19 43.17 2.14 3.24 0.52 6.23 
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lots, by 1 8 — 3 5 per cent. Süss — H A I S C H ( 1 9 6 4 ) , Süss ( 1 9 6 6 ) , T A V C A R 
(1966) and S I L V Y ( 1 9 6 9 ) have recorded stimidation of germination by low-
doses of radiation in cereals. 
Early seedling growth and plant height. Seedling height in treated 
lots within two weeks of sowing was found to be 11 per cent over the con-
trol; but at one month stage this height difference was quite insignificant, 
even negative in some cases. The height of treated plants at flowering time 
was also similar to t ha t of the control. Early growth stimulations of such a 
kind in seedlings were found by Süss ( 1 9 6 6 ) , T A V C A R ( 1 9 6 6 ) and S I L V Y ( 1 9 6 9 ) 
in other cereals, too. 
Root and shoot weight of seedlings. Data on mean weight of shoot 
and root of seedlings one month after sowing are presented in Table 2. At 
this stage of growth the lenght of the longest root and that of the shoot up 
to the tip of the longest leaf were not found to demonstrate the real morpho-
logical make-up of the seedlings. This is why the weights were determined 
after one day div ing on blotting paper in green-house at 25 °C and keeping 
in exsiccator for one week. 
There were increases in the weight of shoot as well as root per seedling 
in the 50 and 100 rads treatmens of both fast neutrons and gamma rays, though 
at this stage these treatments had more seedlings per pot than the con-
trol because of the higher germination percentage. The shoot/root ratio was 
not found to he significantly affected. S P A R R O W (1966) recorded root growth 
stimulation by low doses of x-rays in Tradescantia paludosa cuttings, T A V C A R 
(1966) by low doses of gamma rays in winter wheat, winter barley and maize, 
and S I L V Y (1969) by low doses of gamma rays in rice, maize and barley. 
N P contents of one month old seedlings. As can be seen from the data 
in Tabic 2, doses of 50 and 100 rads of both fast neutrons and gamma rays 
caused increase in the total P 2 0 5 content per seedling, at the same lime 
having no significant effect on the N / P ratio. S I M O N I S ( 1 9 6 6 ) is of the opinion 
that phosphate uptake may be directly or indirectly influenced by irradia-
tion. 
Flowering duration. The flowering duration was uniformly 80 days 
in the treatments as well as in the control. The delayed sowing (14th July) 
made the flowering duration much shorter, and hence these data cannot 
be considered to indicate any possible influence on flowering duration in the 
case of a normal sowing time. 
Though the pots with plants w ere transferred to the green-house from 
the onset of colder days outside, all the plants in the treatments as well as 
in the control were 100 per cent sterile, due probably to the low temperature 
at the critical stage of meiosis. Thus, further comparisons on grain yield, 
etc. could not be made. 
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EFFECT OF SEASONS ON THE MILK PROTEIN 
AND CASEIN CONTENT 
By 
Z . SASVÁRI 
DEPARTMENT OF FORAGE A N D D A I R Y FARMING, U N I V E R S I T Y OF A G R I C U L T U R E , GÖDÖLLŐ 
S e a s o n a l e f fec ts o n t h e mi lk p ro te in a n d casein c o n t e n t h a v e been s t u d i e d i n 
H u n g a r i a n s p o t t e d X J e r s e y crosses (50 a n d 25 p e r cent J e r s e y b looded) . H u n g a r i a n -
s p o t t e d p o p u l a t i o n s were u s e d as controls. I t w a s f o u n d t h a t t h e m i l k p ro te in a n d c a s e i n 
c o n t e n t of e a c h g r o u p s h o w e d t h e m a x i m u m v a l u e dur ing w i n t e r w h e r e a s the m i n i m u m 
va lue w a s r e c o r d e d in s u m m e r ; i.e. in J u l y a n d Augus t . H o w e v e r , t h i s p h e n o m e n o n 
c a n n o t be r e g a r d e d as gene ra l . 
Introduction 
Several workers on the field claim that the milk protein and casein 
content as affected by seasonal variations could merely he based on nutrition 
itself. The changes ensuing in temperature of the environment may essentially 
be related to the effect of different seasons. There are numerous reports which 
deal with that problem. Most of investigators have compared the averages 
of samples of "mixed-milks" or individual milk-samples which were derived 
from cows of different stages of lactation. Hence, the cause of the variances 
in the dry-matter and protein contents can, on the one hand, be sought in 
ihe differences of the lactation periods, and on the other hand in the seasonal 
V ariations. 
The equal frequency of calvings during the year is of both farm and 
national economic interest (i.e. balanced milk-supply), although there are 
more calvings in the late-winter and spring under our climatic conditions. 
Thus more cows are in the first half of lactation in spring and summer than in 
other seasons. In itself, this affects necessarily the composition of the milk, 
too. Unfortunately, such circumstances make the proper evaluation of the 
seasonal effects on the composition of milk more difficult. 
J O H A N S S O N ( 1 9 6 1 ) reports on experiments in which cows were kept 
under controlled temperature. Rising the temperature up to 5 0 ° — 1 0 5 ° F 
there was observed a decrease in the fat-free dry matter content of the milk, 
and an increase in it when reducing the temperature to 5 0 ° — 5 ° F . S M I T H 
( 1 9 6 0 ) referring to the experiments carried out in Tucson (United States) 
suggests that temperatures between 30° and 85° F produced no effect, or 
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affected merely to a slightly extent the composition of milk. However, temper-
atures over 90° F resulted a decrease in the milk-fat and solids-not-fat con-
tents. In these experiments the total milk solids and protein content proved 
to be the lowest in July and August of the three species tested (i.e. Jersey, 
Guernsey and Holstein). The unfavourable effect of the warm weather could 
partly be eliminated by the change of the feed-rations. In the experiments 
of M E R I L A N — B O W E R (cit. N E S E N I 1 9 6 2 ) there was an increase in solids-not-
fat content at higher temperature, whereas there was a decrease in it between 
1 2
 0
 and — 1 5 °C. According to L E G A T E S (cit. N E S E N I 1 9 6 2 ) the seasonal 
and climatic influences could hardly be distinguished from the effects of the 
periods of lactation and nutrition. N E S E N I ( 1 9 6 2 ) has found a low solids-not-
fat content at the beginning of the year, higher values were observed in sum-
mer and the maximal amount was measured in October and November. It 
became, however, considerably less in December. In the course of his detailed 
investigations, C H A L M E R S (cit. N E S E N I 1 9 6 2 ) observed a lower solids-not-
fat content (8.69 per cent) from August to January, as compared to the period 
from February to July (8.74 per cent). Similar results were obtained by ED-
W A R D S (cit. N E S E N I 1 9 6 2 ) as well. B A I L E Y (cit. W A I T E 1 9 5 6 ) emphasizes 
that the winter period in Great Britain, especially February and March, 
results a low level of the dry matter content of the milk. Significant increase 
is resulted by the early grazing in summer. 
According to T I H O M I R O V A ' S ( 1 9 6 1 ) trials the dry matter of the milk, 
including the protein and casein content, remains virtually constant in case 
of standard feeding both in winter and summer periods. The protein content 
of milk was measured as the lowest in April and July by K I E R M E I E R — R E N N E R 
( 1 9 6 0 ) . The authors found the highest value in November and December. 
A L E X A N D E R — L E E C H ( 1 9 6 0 ) noted 0 . 1 3 per cent increase in the solids-not-fat 
content in spring as compared to the winter average value. The seasonal effect 
was of lower importance on the solids-not-fat content as compared to the 
milk-fat content as it was revealed by K Ä S T L I ( 1 9 5 6 ) . K L G E N E V M E D V E -
D E V A ( 1 9 6 1 ) state that the jirotein content has not changed significantly 
by the changing of seasons. 
There are some discrepancies in the literature with respect to the effect 
of seasons on the solids-not-fat content and protein content of the milk. 
The seasonal and climatic influences seem to be resulted by the different 
nutrition of each period. The accurate evaluation of the experimental data 
is hindered by the fact that large-scale experiments do not make possible 
to segregate the seasonal and climatic effects on the one hand, and the nutri-
tional influences on the other. It is another disturbing circumstance that 
the cows, for the most par t , calve in late-winter and early spring. 
Evaluating the problem on physiological aspects, it is rather probable 
that the lowest level of milk-protein occurs, in the countries of temperate 
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zone, in April, July and August. Namely, the animals supplied with lesser 
and less varied feeding at the end of winter, are running short of their reserves 
which has an effect on the protein content of the milk, too. On the other 
hand, the metabolism of the animals become, especially under our conditions, 
more moderate due to the broiling and droughty heat in August. All these 
result a definite depression of the organic functions, blocking the synthesis 
of the milk itself. The reductional effect of the hot weather on the milk protein 
was also revealed by the authors mentioned above. I t is worth mentioning 
that several workers attribute the different levels of milk-protein and casein 
observed in different seasons mainly to nutritional effects. 
The values of protein and casein content of milk observed during some 
seasons are peresented as follows. 
Material and Method 
The expe r imen t s were p a r t l y per formed on t h e l ives tock of 50 p e r cen t Jersey b l o o d e d 
popula t ions of Pécs , Városfold, F e r t ő d and Bábo lna , respect ively (i.e. 50 per cent J e r s e y 
blooded f i r s t and second generat ion der ived par t ly f r o m t h e bred in H u n g a r y Hungar ian s p o t -
ted X Danish J e r sey crosses); on t he 25 pe r cent Je rsey b looded ones of Mezőhegyes and B á b o l n a 
(R = 25 per cen t Je r sey blooded p rogeny of the H u n g a r i a n spot ted cows and H u n g a r i a n 
spo t t ed X Jersey F j bulls) and, f ina l ly , on the H u n g a r i a n spo t t ed p o p u l a t i o n s of Sárvár , V á r o s -
föld, Mezőhegyes a n d Fer tőd , respec t ive ly . 
The pro te in con ten t of mi lk was determined b y t h e fo rmol t i t r a t ion of Schultz a n d t h e 
casein con ten t — b y t he method of In ichow. During t h e period of inves t iga t ions there was a n 
ext reme drought . I t resul ted an increase in yield of t h e rough fodder especial ly , which h a d a 
negat ive inf luence on bo th the cons i s tency of milk a n d t h e milk p roduc t ion of crossed l ives tock . 
To eva lua te proper ly the in ter re la t ionship ex i s t ing collectively a n d severally b e t w e e n 
the seasonal and l ac ta t iona l periods, t h e lactat ion of 10 m o n t h s was d iv ided in to three pe r iods . 
The order of each g roup was as fo l lows: 1»', 2 n d and 3 r d ; 4 t h , 5 t h , 6 t h a n d 7 t h ; 8№ , 9 t h a n d 1 0 t h 
m o n t h of l ac ta t ion . The mean va lue s of the mi lk-pro te in and casein in p e r cent were of t h e 
saine order. On t h e basis of this s cheme six groups were se t up according t o the a r r a n g e m e n t 
in winter or s u m m e r periods. I n t h i s pape r there are p re sen ted the d i f f e rences in prote in a n d 
casein per cent be tween the win te r a n d summer l a c t a t i o n periods. T h e r e were compared t h e 
milk protein a n d casein contents in t h e winter and s u m m e r periods of l a c t a t i o n of cows c a l v e d 
in t he same years . General ly, t he r e were more cows t e s t e d , calved in w i n t e r t han in s u m m e r . 
Results 
The results estimated are summarized in Tables 1 and 2. I t can be seen 
from the Table 1 that there was a significant difference in the protein content 
of milk produced by the 50 per cent Jersey blooded livestock of Pécs, Város-
föld and Fertőd, the 25 per cent Jersey blooded cows of Mezőhegyes and the 
Hungarian spotted population of Városföld, respectively, in winter and summer 
periods. In other cases the differences were insignificant. 
According to the data shown in Table 2, the formation of the casein 
content was of similar character, although, there was no significant difference 
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Table 1 
The protein content of milk of the crossbred and Hungarian spotted cows in the winter-
and summer-periods of lactation (%) 
Lactation periods 
Population Hinter Summer Between the seasons 
I - I I I I V - V I I VIII к I - I I I IV VII V I I I - X * ** p 0/ 
*• /о 
Pécs 50% J e r s e y n: 
x : 
70 
3.58 
_ _ 
1 3 
3.63 
46 
3.92 
12 
3.50 
78 
3.64 
45 
3.81 
1 4 . 1 7 3 8 < 5.00 
Városföld n: 
50% J e r s e y x: 
27 
3.66 
4 9 
3.81 
64 
4.12 
58 
3.50 
36 
3.78 
21 
3.76 
1 3 3 . 7 2 6 4 c 0.01 
Fertőd n: 
50% J e r s e y x : 
11 
3.78 
20 
4.06 
21 
4.14 
17 
3.47 
8 
3.70 
7 
4.25 
1 7 . 0 4 9 9 c 0.01 
Bábolna n: 
50% Jersey x : 
14 
3.60 
16 3 
3.93 4.11 
5 
3.66 
3 
4.18 
16 
3.89 
1 0.2521 > 2 0 . 0 0 
Mezőhegyes n: 
25% Jersey x : 
22 33 
3.61 3.70 
47 
3.90 
40 
3.51 
29 
3.68 
15 
3.66 
1 1 2 . 7 1 6 3 c 0.01 
Bábolna n: 
25% Jersey x : 
8 
3.31 
21 
3.49 
14 
3.65 
16 
3.39 
3 
3.38 
10 
3.55 
1 0.L210 > 2 0 . 0 0 
Városföld n: 
Hungar ian-spot ted x : 
19 
3.27 
63 
3.41 
48 
3.68 
49 
3.14 
5 
3.44 
12 
3.30 
20 
3.45 
1 5 . 9 7 8 4 c 0.10 
Mezőhegyes n : 
Hungar ian - spo t t ed x : 
10 
3.33 
16 23 
3.41 3.63 
18 
3.29 
5 
3.56 
1 2.9130 > 5.00 
Fertőd n: 
Hungar ian-spot ted x : 
12 15 10 
3.16 3.34 3.45 
9 
3.17 
6 
3.21 
11 
3.53 
1 0.3620 > 2 0 . 0 0 
iSotes: - degree of f r e e d o m (var ia t ion) ;** " ' f" value. 
in the casein content of milk produced by the 50 j»er cent Jersey blooded 
population of Pécs in the winter and summer periods. Tn general, the average 
protein and casein contents of milk of the half of the populations tested, 
proved to be greater in t he course of the winter period, whilst that of the 
other half was nearly the same. 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
E F F E C T OF SEASONS ON M I L K P R O T E I N C O N T E N T 7 7 
T a b l e 2 
The casein content of milk of the crossbred and Hungarian-spotted cows in the u inter-
and summer-periods of lactation (%) 
Lactation periods 
Population Winter Summer Between the seasons 
I - I I I I V - V I I ! Y I J I - X I III I V - V I I V I I I - X * * * po, 
Pécs 5 0 % J e r s e y n: 
x : 
79 
2 .73 
13 
2.83 
46 
3.00 
12 
2.68 
78 
2.80 
45 
2.95 
1 2.9510 > 5.00 
Városföld n: 
Jersey x : 
27 
2 .86 
49 
2.95 
20 
3.22 
64 
3.21 
58 
2.74 
36 
2.95 
21 
2.98 
1 1 8 . 0 9 0 3 c 0.01 
Fertőd n: 
50% J e r s e y x : 
11 
2.90 
21 
3.32 
17 
2.67 
8 
2.89 
7 
3.40 
1 7 . 6 3 4 5 c 0.01 
Bábolna n: 
50% J e r s e y x : 
14 
2 .78 
16 
3.04 
3 
3.15 
5 
2.82 
3 
2.86 
16 
3.07 
1 0.8583 > 2 0 . 0 0 
Mezőhegyes л: 
25% J e r s e y x: 
22 
2.77 
33 
2.86 
47 
3.05 
40 
2.74 
29 
2.89 
15 
2.90 
1 4 . 0 9 8 0 c 5.00 
Bábolna n: 
2 5 % J e r s e y x : 
8 
2 .56 
21 
2.76 
14 
2.97 
16 
2.63 
3 
2.59 
10 
2.87 
1 1.3146 > 2 0 . 0 0 
Városföld л : 
Hunga r i an - spo t t ed x : 
19 
2 .49 
63 
2.66 
48 
2.89 
49 
2.42 
5 
2.53 
20 
2.69 
1 12.9333 c 0.01 
Mezőhegyes n: 
H u n g a r i a n - s p o t t e d x : 
10 
2 .55 
1<> 
2.63 
23 
2.78 
18 
2.52 
12 
2.51 
5 
2.69 
1 3.9294 > 5.00 
Fertőd л: 12 
Hunga r i an - spo t t ed x: 2 .43 
15 
2.58 
10 
2.68 
9 
2.45 
6 
2.50 
11 
2.77 
1 0.4566 > 2 0 . 0 0 
Note: * degree of f r e e d o m (var ia t ion) ; " f " value 
Conclusion 
It can lit; established that the effect of the seasons (winter and summer) 
on the milk protein and casein content is not unambiguous. There are contra-
dictory statements of the literature being reflected in the investigations 
on the changing influences of the seasons on the milk composition. The con-
jugate effects of several factors seem to be probable. Such factors may first 
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lie: the period of calvings, the pre-feetling for calving, the keeping and arrange-
m e n t of the animals, the temperature of the environment in w inter and sum-
mer , and the individual reactions of animals to all the influences of their 
immediate environment. Thus the amount of milk protein and casein content, 
as a quantitative characteristic may be altered, in the course of the seasons, 
by the influence of several factors. 
In our investigations there were no significant differences found in the 
protein and casein content of milk produced in several seasons. The minor 
oumerical results of the percentile values in July and August were not 
nntable . 
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GENETIC STUDIES IN SESAME 
I. I N H E R I T A N C E O F S E E D COAT C O L O U R 
B y 
M . 0 . K H I D I R , M . A . A L I 
FACULTY OF AGRICULTURE, U N I V E R S I T Y OF KHARTOUM, KHARTOUM 
Considerable v a r i a b i l i t y in seed c o a t colour was f o u n d in 26 var ie t i es of s e s a m e . 
T h e b l a c k colour w a s d o m i n a n t over b o t h b r o w n a n d w h i t e , a n d t h e b r o w n w a s domi-
n a n t ove r whi te co lou r . T h e b lack a n d t h e whi te colours w e r e cont ro l led b y a two 
f a c t o r pa i r s d i f fe rence a n d gave a 9 : 3 : 3 : 1 r a t io of b l ack a n d d a r k grey, g r ey a n d whi te 
s eed colours in t h e F 2 . L ikewise , t h e b r o w n a n d t he w h i t e co lours were g o v e r n e d b y 
t w o f a c t o r pairs g i v i n g a n F 2 r a t io of 9 : 3 : 3 : 1 of b r o w n , l i g h t b rown , g rey a n d whi te 
s eeds . The crosses b e t w e e n b r o w n a n d b lack-seeded p a r e n t s showed a m o n o h y b r i d 
s e g r e g a t i o n . The f a c t o r i a l c o n s t i t u t i o n of t h e p a r e n t s is a s s u m e d t o he as fo l lows : b lack , 
A A B B ; b rown , whi te , a a b b . 
Introduction 
Sesame (Sesamum orientale L.) is a tropical and subtropical self-polli-
nated plant. I t is the most important oil seed crop in Sudan (more than one 
million acres are devoted annually to this crop). The Sudanese varieties 
show a great deal of variability in seed colour (ranging from white to black). 
The white seeds have a better trade value since they are more qualified for 
confectionary and sweet-meats. Furthermore, it was reported by P A L ( 1 9 3 4 ) 
and by P A R T H A S A R A T H Y — K E D H A R N A T H ( 1 9 4 9 ) tha t the oil of the white 
seeds is of a higher quality than tha t of the coloured ones. 
The genie control of seed colour in sesame has been a matter in dispute. 
A B E ( 1 9 1 9 ) was the first who established the dominance of black over both 
brown and white colours and that of brown over white. He claimed a two 
factor pairs difference between white and black as well as between white 
and brown colours. Similar findings were reported by N O H A R A ( 1 9 3 3 ) . The 
two factor pairs difference between white and black colours was further con-
firmed by P A T E L ( 1 9 3 6 ) and by S I K K A - G U P T A ( 1 9 4 7 ) . 
On the other hand, T E S H I M A ( 1 9 3 1 ) reported a three gene difference 
between white and black, and P A L ( 1 9 3 4 ) claimed a single gene difference 
between the white colour and the darker colours of seeds. S I K K A G U P T A 
( 1 9 4 7 ) indicated that the dark brown colour was completely dominant over 
the dirty white colour with a monohybrid segregation. Although they did 
not make crosses between black and brown-seeded types, the following facto-
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rial scheme was suggested: black C-B-dd, dark brown C-bbD- and white 
ccbbdd. To the best of our knowledge crosses between black and brown-
seeded types were not studied before. 
In Sudan, T A H I R ( 1 9 5 9 / 6 0 ) attempted the purification of the local varie-
ties by selection. The selections bred true for seed colour and Taliir concluded 
t h a t the sesame seed impurity is rather of a physical than of a genetical nature. 
No genetical studies of seed colour were carried out before in Sudan. 
The present work was undertaken to determine the inheritance of seed 
colour in the local varieties. 
Material and Method 
Seed samples of 26 variet ies f r o m different p a r t s of Sudan were provided by W. M. 
T a h i r (former p l a n t breeder, Tozi R e s e a r c h Stat ion) . T h e percentages of the different seed 
c o l o u r s in 0.5 g samples of each v a r i e t y were de te rmined . The 26 var ie t ies were sown in 4 m 
r o w s (30X30 cm) in t h e D e m o n s t r a t i o n Farm, F a c u l t y of Agricul ture ( S h a m b a t ) in 1959. 
T h r e e varieties were chosen as p a r e n t s on the basis of t he i r seed colour, n a m e l y : Hindi (black-
seeded) , Bara (brown-seeded) and Heavy White Kaffai (white-seeded). These varieties will be 
r e f e r r e d to as К , В a n d W , respect ive ly . Seeds from selfed p lan ts of these var ie t ies were p l an t ed 
i n p o t s in the greenhouse . 
Crosses were m a d e between t h e three variet ies in all possible combina t ions : W X K , 
W X B and B X K . Reciprocal crosses (using the da rke r seed coloured p a r e n t as female) were 
a l so made. More emphas i s was p u t on t h e crosses B X K since they have n o t been studied before , 
a l t h o u g h they are necessary for d e t e r m i n i n g the fac tor ia l const i tu t ion of t h e parents . 
The hybr id p o d s were col lected separately a n d t h e ident i ty of e a c h pod was re ta ined 
i n t h e succeeding generat ions. The h y b r i d seeds were sown in pots. 
The m a j o r i t y of the F ( f l o w e r s were selfed ( t he f lowers which escaped selfing were 
r e m o v e d ) , and the seeds of each F , p l a n t w ere collected separa te ly . At th i s s t age , it w as possible 
t o dist inguish b e t w e e n the hybr id F , p l a n t s and those wh ich resulted f r o m selfing. The seeds 
of t h e hybrid F t p l a n t s showed t h e dominance of d a r k e r colour, while t h e seeds of the selfed 
p l a n t s showed t he original light co lou r of the mothe r p l a n t : and t h u s were discarded. T h e 
s a m e procedure could not he appl ied t o t he reciprocal crosses because t h e da rke r colour would 
be re ta ined on t he F , p lan ts i r respec t ive of whether t h e y have resulted f r o m crossing or selfing. 
T h e work on the reciprocal crosses w a s t h u s t e rmina ted . 
The selfed seeds of each F t p l a n t were sown in one or more rows in t h e field. The spacing 
w a s 3 0 x 3 0 em. T h e seeds of each F , p lan t were col lected separate ly a n d their colour was 
recorded . 
Results 
1. Survey of the local varieties. The seed colour showed a high degree 
of variability both intra- and intervarietal. None of the varieties w as homo-
geneous in seed colour (Table 1). I t is clear that certain varieties exhibited a 
limited range of colours, while others showed a wider range. Heavy White 
Kaffai, Gerabin Light, Fung White, Mass Selection Early Resistant White 
and Quarein Late Light were considered of a white or creamy seed colour. 
The brown colour was dominating in Ahn Zabad, Bara, Dala, Mafaza Light 
and Strang; while the black colour was dominating only in the variety Hindi. 
2. Inheritance of seed coat colour. In all the crosses the colour of the hybrid 
seeds was similar to that of the female parent. This is due to the fact that 
. tela Agronomica Academiae Scicntiarum Hungaricae 20, 1971 
G E N E T I C S T U D I E S I N S E S A M E Я 1 
Table 1 
The percentage of different seed colours in 0.5 g of seeds from each variety 
Variety 
Black 
o. /о 
Dark 
grey-
's. 
Brown 
% 
Light 
brown 
ÍX 
7o 
Grey 
% 
Creamy* 
% 
White 
% 
1 Abu Z a b a d 74.3 25.7 
2 A m a r t a b a 11.3 13.7 75.0 
3 B a r a 75.1 24.9 
4 Ba lad i 59.8 17.8 15.5 6.9 
5 Chepar ida 30.0 10.6 59.4 
6 Dala 12.5 76.1 11.4 
7 F u n g whi te 1.5 9.8 88.7 
8 Gedaref Selection 8.4 14.5 13.2 43.9 20.0 
9 Gedaref t y p e 5.6 27.1 17.9 28.3 21.1 
10 Gerabin Light 2.0 16.6 17.4 64.0 
11 Gidiem 2.0 25.8 3.9 68.3 
12 Goma 20.0 16.5 11.6 41 .7 10.2 
13 Goiria Agbash 32.2 22.3 27.5 7 .4 5.8 4.8 
14 H e a v y Qui eiinhal 16.6 83.4 
15 H e a v y R e d 5.9 27.5 43.2 23.4 
16 H e a v y Whi te K a f f a i 1.6 2.6 2.5 93 .3 
17 Hind i 85.6 5.2 5.6 3.6 
18 Light K a f f a i 2.4 0.6 12.2 45.4 39.4 
19 Mafaza F i g h t 1.8 98.2 
20 Mass Sel. E a r l y 11. W . 14.1 85.9 
21 Medium Brown 2.5 34.5 48.4 5.4 9.2 
22 Na rade i el Lehn 25.8 41.2 30 .9 2.1 
23 Quare in Fa te Light 0.6 11.4 5.7 82.8 
24 S t r ang 3.5 39.8 49.9 6.8 
25 Tor i t Selection 39.3 19.6 19.2 20.9 
26 W a d el Nai l H . B. 32.7 26.9 20 .4 
* Creamy is referred to commerc ia l ly as whi te 
the colour results from the deposition of pigments in the cells of the seed 
coat which is a maternal tissue ( N O H A R A 1933). 
invariably, the F t progenies were characterized by a dark seed coat 
which was similar to the male parent. In other words, the black and brown 
seed colours were dominant over white; and black was dominant over brown. 
The type of segregation observed in the F 2 was as follows: 
a) Crosses between white and Ыаск-seeded parents (WXK): The colours 
of the seeds born on the F., plants of this cross were classified into 4 pheno-
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tvpic classes; black, dark grey, grey and white. The ratio was 9 :3 :3 :1 , respec-
tively (Table 2). 
b) Crosses between white and brown-seeded parents (WXB): The range 
of colours in the F2 generation of these crosses was classified into 4 pheno-
types, namely: brown, light brown, grey and white. The observed frequencies 
occurred in the ratio of 9 : 3 : 3 : 1 , respectively (Table 3).. 
c) Crosses between brown and black-seeded parents (BXK): The F2 
seeds of this cross fell in two classes, namely, black and brown. The results 
presented in Tables 4 and 5 lead to the conclusion that there is only a mono-
genic difference between black and brown colours of seeds. Since X s (Table 
4) is not significant, each family can be assumed to be homogeneous and X,j 
(heterogeneity X2) need not be calculated. 
Table 2 
Test of goodness of fit to the. dihybrid ratio in the pooled progeny of five families 
of the cross WXK 
Phenotype Observed 
Expected 
( 9 : 3 : 3 : 1 ) ( 0 - E ) « / E 
Black 229 211.50 1.4479 
Dark grey 68 70.50 0.0887 
Grey 6 4 70.50 0.5993 
White 15 23.50 3.0745 
Total 376 376.00 X 2 = 5.2104 
(P 0.10 0.20) 
Table 3 
Test of goodness of fit to the dihybrid ratio in the pooled progeny of five families 
of the cross WX В 
Phenotype , Observed Expected (9:3:3:1) (O - E ) ä /E 
Brown 214 218.80 0.1057 
Light brown 83 72.93 1.3904 
Grey 70 72.93 0.1177 
White 22 24.31 0.2199 
Total 389 388.97 X2 : 1.8337 
(P = 0.50 - 0 . 7 0 ) 
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Table 4 
Observed segregation of black and brown seed colours (BXK) and goodness 
of fit to the monogenic F2 ratio in eight families 
Family No. 
Phenotype 
x . p 
Black Brown ( 3 : 1 ) Value 
I 27 8 0.0856 0 . 7 0 - 0 . 8 0 
I I 129 36 0 .8909 0.30—0.50 
H I 166 48 0.7538 0 . 3 0 - 0 . 5 0 
IV 182 62 0.0217 0 . 8 0 - 0 . 9 0 
V 166 50 0 .3949 0.50—0.70 
V I 116 39 0 .0021 0 . 9 5 - 0 . 9 8 
V I I 499 165 0.0080 0 . 9 0 - 0 . 9 5 
V I I I 179 53 0 .5746 0.30—0.50 
T o t a l 1464 461 2 .7316 0 . 9 0 - 0 . 9 5 
Table 5 
The X2 value of the pooled progeny of eight families of the cross BXK 
Phenotype Observed 
Expected 
( 3 : 1 ) ( 0 - E ) » / E 
Black 1464 1443.75 0.2840 
B r o w n 461 481.25 0.8520 
T o t a l 1925 1925.00 1.1360 
( P = 0 . 2 0 - 0 . 5 0 ) 
These results could be easily explained by assuming t h a t the parents 
have the following factorial constitution: Black, AABB; Brown, AAbRbR ; 
White, aabb. 
Discussion 
The seed colour exhibited a great amount of variability both within 
and between varieties. It is generally known tha t the varieties of Western 
Sudan are characterized by brownish seeds, while those of Eastern Sudan 
(Fung and Gedaref) are of whitish seeds. The existing heterogeneity within 
varieties of either group is probably due to non-rigid selection practised 
by the growers. A breeding programme for t he improvement of the colour 
standard of cultivated varieties would he possible through the understanding 
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of the genetical behaviour of this character aud the extent of natural cross-
pollination. The latter aspect is under investigation by the senior author. 
I t is shown in the present work t h a t the seed colour is a maternal char-
acter and exhibits delayed inheritance. The genetic constitution of the seed 
coat in the hybrid seed was similar to the genetic constitution of the mother 
plant, and thus exhibited the colour of the maternal parent. The segregation 
of genes controlling this character took place in the embryos of the seeds 
of the Fx plants. Therefore, the dominance was manifested in this generation. 
The coats of seeds produced by the F., plants were similar in their genetic 
constitution to the F 2 plants and thus were segregated. 
The F 2 segregation revealed tha t the grey seed colour was common 
in the crosses white x black and white x brown. This suggested the existence of 
a basic factor for both black and brown seed colours. This factor was designat-
ed with A. The difference between the two colours was considered as due 
to a second factor which was designated with В for the black colour and 
with 11 f or the brown colour. The complementary action of A and В gave 
the black colour, while t ha t of A and resulted in the brown colour. В was 
found to be dominant over b'1 giving the monohybrid ratio of 3 :1 in the cross 
brown x black. The white seed colour was considered to he of the constitu-
tion aabb, giving a segregation ratio of 9 : 3 : 3 : 1 when crossed with either 
black or brown. The factor A was dominant over the factor a, while both 
В and hR were dominant over b in a multiple allelic series. 
On the basis of the present findings, the white seed colour (being double 
recessive) could be easily selected and maintained in the pure form. The 
development of a genetically uniform white-seeded variety could be achieved 
through mass selection or single plant selection. 
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PEROXIDASE AND CATALASE ENZYME ACTIVITIES 
IN PEA SEEDS 
B y 
K . L Á S Z L Ó 
HORTICULTURAL RESEARCH I N S T I T U T E , B U D A P E S T - B U D A T É T É N Y 
Search ing r e a s o n s f o r g e r m i n a t i v e inab i l i t y in t h e i n s u f f i c i e n t a c t i v i t y of en-
z y m e s ca ta lyz ing t h e phys io log ica l p r o c e s s e s of g e r m i n a t i o n , p resen t pape r d e a l s wi th 
t h e r e l a t i o n of p e r c e n t a g e ge rmina t ion t o t h e eatalase and p e r o x i d a s e ac t iv i t ies of seeds. 
Introduction 
Pea seeds are known to be able to germinate as soon as they have ripened. 
In spite of this fact certain unfavourable growing conditions (rainy seasons) 
a high percentage of pea seeds incapable of germination may occur. This 
unusual reduction of percentage germination (60 65 per cent instead of 
90 95 per cent) lias serious economic consequences in seed production, 
since germinative ability is one of the most important standard values of 
seeds produced. 
Germinative inability occurring in pea seeds can be traced to physiolog-
ical causes apart from the phenomenon of hard, impermeable seed-coat. 
Seeds contain nutrients reserved in such high quanti ty as ensuring growth 
for heterotrophic seedlings as long as they are not capable of independent 
assimilation. Consequently, a re-examination of sufficient activities of enzymes 
catalyzing various co-ordinated physiological processes is above all justified 
from the point of view of germination inability. Earlier investigations showed 
mobilization of reserved nutrients taking place even in swollen but not germi-
nating pea seeds. Accordingly, no difference in hydrolase enzyme activities 
(amylase, protease) can be found between germinating and non-germinating 
pea seeds. 
During the process of germination hydrolytic decomposition of reserve 
nutrients follow ing the swelling of the seed creates the inner conditions required 
for transforming the embryo into seedling. Hydrolytes are partly the initial 
materials of synthetic processes taking place in the embryo, partly the sub-
strates of respiration providing the necessary energy. The rapid increase of re-
spiration observed at the beginning of water uptake by the seed (10 12 hours) 
is in connection with the enzymatic system existing already in the dry 
seed getting gradually into an active state; however, as soon as synthetic 
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processes — first of all protein syntheses — begin to take place in the embryo, 
a new respiration capacity is added to the performed respiration capacity 
( F A R K A S 1 9 6 8 ) . On the basis of the above observations, germinative inability 
of the seed may he traced hack to the low activity level of one of the enzymes 
involved in the process of respiration. 
Terminal oxidation in higher plants takes place mainly through the 
electron transport chain tied up with the mitochondria, when cytochrome 
oxidase is the ultimate oxidase. Other terminal oxidases — soluble oxido-
reductive enzyme systems - as e.g. peroxidase, polyphenol-oxidase, ascorbic 
acid-oxidase, are also potentially present in the tissues. However, these soluble 
oxidases appear as terminal oxidases only when desorganization occurs in 
the tissues. 
Theoretically catalases may also be taken into account as terminal 
oxidases, since with a low hydrogen peroxid concentration they perform a 
peroxidative function. Some authors suggest a correlation between peroxi-
dase and catalase enzyme activities and germinative ability. In the presence 
of peroxidase B R Ü C H E R ( 1 9 4 8 ) found an indication of the viability of the 
seed. According to L J U B C H E N K O ( 1 9 5 9 ) catalase activity shows the life functions 
and germinative ability of seeds. The same was pointed out earlier by C R O C -
K E R — H A R R I N G T O N ( 1 9 1 8 ) . R A L L ( 1 9 6 0 ) decreased germinative ability in 
maize grains by treating them with heat and found a considerable degree 
of parallel reduction in the catalase activity. On the contrary, others consider 
a high peroxidase activity ra ther than catalase activity as being characteristic 
of the germinative ability of seeds (SZALAI — F R E N Y Ó 1 9 6 2 ) . On the basis 
of results obtained by examining the seeds of 15 plants M O R A L E S ( 1 9 6 5 ) 
suggested dehydrogenase activi ty as being a better indicator of germinative 
ability than peroxidase activity. 
With the above data taken into consideration the following questions 
seemed to require a thorough examination: 1. are catalase and peroxidase 
enzyme activities in connection with percentage germination? and 2. is there 
any difference in enzyme activi ty between germinating and non-germinating 
pea seeds? 
Material and Method 
Act iv i t i es of ca ta lase and p e r o x i d a s e enzymes w e r e studied in g r o u n d one year old a i r -
d r i e d pea s a m p l e s of var ious g e r m i n a t i o n pe rcen t age as well as in g e r m i n a t i n g and n o n - g e r -
m i n a t i n g seeds. 
P e r c e n t a g e ge rmina t ion w a s d e t e r m i n e d b y a v e r a g i n g the n u m b e r of seeds h a v i n g 
g e r m i n a t e d in 8 d a y s a t room t e m p e r a t u r e out of 4 x 100 pea seeds p l a c e d be tween we t f i l t e r 
p a p e r layers in f o u r repl icat ions. 
Cata lase a c t i v i t y is d e t e r m i n e d o n the basis of a decomposing e f f e c t exercised b y t h e 
e n z y m e on t h e h y d r o g e n pe rox ide ; i t is d e m o n s t r a t e d b y the fol lowing e q u a t i o n and a p p l i e d 
in t h e gasomet r i c a p p a r a t u s i n c l u d e d i n the H u n g a r i a n p a t e n t No. F E - 5 4 2 . 
c a t a l a s e 
2 H , 0 2 — 2 H 2 0 + 0 2 
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In the course of the d e t e r m i n a t i o n pea seeds c u t into two h a l v e s are t rea ted w i t h a 
f resh ly made h y d r o g e n peroxide so lu t ion of 1 per c e n t concentrat ion. T h e amount of o x y g e n 
released as a consequence of the c a t a l a s e activity c a n be directly read f r o m the cal ibrated t u b e 
of t he appa ra tus . T h e figure express ing the cata lase ac t iv i ty shows t h e degree of the e n z y m e 
ac t iv i ty . Catalase ac t iv i ty n u m b e r t he mm3 a m o u n t of oxygen re l eased in one m i n u t e . 
In presence of hydrogen pe rox ide the pe rox idase enzyme o x i d a t e s hydrogen d o n o r s 
( A H , ) according t o the following equa t i on . 
peroxidase 
AH 2 + H , 0 „ * 2 H , 0 + A 
T r a n s f o r m a t i o n of pyrogal lol (AH 2 ) into purpuroga l l in (A) w a s used to measure t he 
ac t iv i ty of the peroxidase e n z y m e (BELOSERSKI—PROSKURJAKOV 1956). From the g r o u n d 
seed with a 1 p e r c e n t solution of N a H C 0 3 a 2 per c e n t suspension was p repa red , then a f t e r 
hav ing been s h a k e n for an hour f i l te red and 5 m l quan t i t y of f i l t r a t e was incuba ted f o r 5 
minu tes a t room t empera tu re w i t h 2 ml substra te so lu t ion added to i t . T h e substrate so lu t ion 
consisted of a 5 p e r cent diluted so lu t ion of freshly m a d e pyrogallol a n d a 5 per cent d i l u t e d 
solut ion of f r e sh ly made hydrogen peroxide , mixed in a ratio of 10 : 1, t h e n left to s t a n d for 
25 minutes . The t i m e of incubat ion was clocked; a f t e r i t had passed t h e enzyme ac t iv i ty was 
s topped with 0 .1 m l sulphuric acid of 10 per cent concen t ra t ion , a n d purpurogal l in p r o d u c e d 
in t h e mean t ime shaken three t i m e s w i t h ether. T h e e the r i c phases were combined and — w i t h 
p u r e ether added — completed t o a f ina l volume of 20 ml. The yellow solut ion was t e s t e d in 
Pul f r ich ' s p h o t o m e t e r against p u r e e ther , with an S 45 colour f i l te r appl ied . Pu rpu roga l l i n 
concent ra t ion corresponding to t h e ext inct ions read w a s shown by t h e ear l ier plotted concen-
t r a t i o n — e x t i n c t i o n curve. 
The pe rox idase ac t i v i t y -number was given b y t he mg quan t i t i e s of purpurogal l in p ro-
duced by 1 g a i r -dr ied pea flour in 5 minutes . T h a t is , peroxidase a c t i v i t y - n u m b e r d e t e r m i n e d 
a t the t ime of ge rmina t ion is t h e m g amount of purpuroga l l in p r o d u c e d per 1 g d ry m a t t e r 
in 2 minutes. 
Table 1 
Catalase activity in pea samples with different germinative ability (r correlation coeff ic ient ) 
V a r i e t y 
Percentage 
germination 
(percentage of 
germinated 
seeds) 
Percentage of 
non-germinated ; 
seeds 
Catalase-
act iv i ty 
number 
r 
E a r l y Viktória 69 31 38.4 
of Ú j m a j o r 77 23 16.9 
• 
(Pistim sativum pachylobum) 89 11 47.1 
91 9 27.4 
93 7 
1 
33.1 + 0.140 
P e t i t Provencal 47 53 69.4 
(Pisum sativum pachylobum) 80 20 71.7 
90 10 69.3 
+ 0 . 0 1 9 
Vic tory Freezer 54 46 56.1 
(Pisum sativum quadratum) 61 39 92.4 
65 35 81.5 
71 29 71.3 
74 26 62.3 
—0.074 
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Results 
Germinative ability of dry seeds can be determined only after germina-
tion. Thus enzyme activities of germinating and non-germinating dry seeds 
cannot he separately determined for the purpose of comparison. Since it 
was germinative ability and inability as developed under natural conditions 
that were to be studied from an enzymatic point of view, artificial deterioration 
of germinative ability could not be taken into account. For this very reason 
only one way seemed to be suitable to s tudy the correlation between catalase 
and peroxidase activities oil one hand, and germinative ability or inability 
on the other: to measure enzyme activities in pea samples of different germi-
nation percentage. Percentage germination expresses the numerical relation 
of germinating and non-germinating seeds. If correlation between germinative 
ability and enzyme activities is a close one, in. seed samples with very low 
germinative ability the level of enzyme activity must be different from that 
in samples showing high germination percentage, due to the higher number 
of non-germinating seeds. 
Table 2 
Peroxidase activity in pea sumples with different germinative ability 
(r = correlation coefficient) 
V a r i e t y 
Percentage 
germinat ion 
(germinated 
seeds) 
Percentage of 
non-germinated 
seeds 
Peroxidase-
activi ty 
number 
r 
Victory Freezer 
(Pisum sativum quadratum) 
5 4 
6 1 
6 5 
7 1 
7 4 
4 6 
3 9 
3 5 
2 9 
2 6 
1 3 . 0 
1 3 . 7 
1 1 . 0 
1 0 . 8 
1 0 . 5 
— 0 . 8 7 4 
Early Viktór ia 
of Újmajo r 
(Pisum sativum pachylobum) 
5 6 
6 1 
6 9 
7 5 
9 2 
4 4 
3 9 
3 1 
2 5 
8 
1 6 . 2 
1 4 . 1 
1 4 . 8 
1 4 . 4 
1 4 . 3 
— 0 . 5 5 0 
Pet i t Provençal 
( Pisum sativum pachylobum) 
4 7 
8 0 
9 0 
5 3 
2 0 
1 0 
9 . 5 
1 2 . 4 
1 3 . 0 
4 0 . 9 9 8 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
P E R O X I D A S E AND CATALASE ENZYME A C T I V I T I E S 8 9 
Table 1 shows the catalase while Table 2 the peroxidase enzyme activities 
of the three varieties examined, in function of changes in the germinative 
ability. Correlation coefficients included in the Tables represent the quality 
of the relation. 
The results of measuring and correlation coefficients calculated from 
them show no relationship between percentage germination and catalase 
ácti\ ity measured in dry seeds. On the other hand, a medium close correlation 
was found between peroxidase activity and germinative ability; however, 
differences between varieties now linear, now inverse correlation found — 
suggest, that peroxidase activity in dry seeds is not the direct cause and 
inducing factor of changes in germinative ability. 
Catalase activity displayed by germinating and non-germinating seeds 
when germinated is included in Table 3, while peroxidase activity in Table 4. 
Table 3 
Changes in catalase activity in the course of germination 
Period of 
Catalase-activity n u m b e r 
V a r i e t y 
germination, 
number of 
days 
g e r m i n a t i n g 
seeds 
non-ge rmina t ing 
seeds 
P e t i t Provençal 2 2 0 0 ' 5 0 
( Pisum sativum pachylobum) 3 
4 
4 8 0 
7 1 0 
1 5 0 
2 1 0 
5 4 4 0 1 0 0 
6 4 1 0 n o 
E a r l y Viktória 2 1 2 0 8 0 
of Ú j m a j o r 3 4 4 5 1 0 5 
(Pisum sativum pachylobum) 4 4 5 0 1 1 0 
5 5 8 0 9 8 
6 3 4 0 1 1 0 
Victory Freezer 2 2 1 0 5 0 
( Pisum sativum quadratum) 3 4 9 0 1 8 0 
4 5 0 0 2 0 0 
5 3 1 5 1 1 0 
6 2 9 0 1 1 2 
Lincoln 2 1 5 0 9 0 
Í Pisum sativum quadratum) 3 4 0 0 2 0 5 
4 3 8 5 1 9 0 
5 3 8 0 1 4 0 
6 2 5 0 1 1 0 
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Table 4 
Changes in peroxidase activity in the course of germination (k — peroxidase activity ratio 
of germinating and non-germinating seeds) 
Period of 
Peroxidase-aetivity number 
V a r i e t y 
germination, 
number of 
days 
germinating 
seeds 
( 4 
non-germinating 
seeds 
H 
к 
u 
P e t i t Provençal 1 35 48 0.7 
(Pisunt sativum pachylobum) 2 36 38 
3 48 49 
4 56 54 
5 67 61 1.1 
E a r l y Viktória 1 22 49 0.4 
of Ú j m a j o r 2 28 41 
(Pisum sativum pachylobum) 3 45 42 
4 51 45 
5 60 50 1.2 
V i c t o r y Freezer 1 61 65 0.9 
( Pisum sativum quadratum) 2 45 50 
3 49 66 
4 50 55 
5 53 41 1.2 
With all varieties examined germinating seeds showed higher catalase 
actvi i ty than non-germinating ones did in the course of germination. 
On the first day of germination, when all pea seeds have already swollen, 
peroxidase activity is higher in non-germinating seeds than in germinating 
ones irrespective of the variety. However, on the fifth day of germination 
the situation is the other way round with all varieties: peroxidase activity of 
germinating seeds surpasses tha t of non-germinating ones. This fact is repre-
sented also by the enzyme activity ratio of germinating and non-germinatiná 
seeds, which is an average of 0.6 on the first, and rises to 1.2 by the fifth day 
of germination. 
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OROBANCHE AEGYPTIACA PERS. INFECTION, 
ECONOMIC LOSS OF THE HOSTS, AND CONTROL 
OF THE PARASITE 
B y 
M . K . B H A T T A C H A H Y A 
D E P A R T M E N T OF B O T A N Y , B A N A R A S H I N D U U N I V E R S I T Y , V A R A N A S I 
Orobanche in fec t ion a f f e c t s all p a r t s of h o s t p l a n t s as e v i d e n t f r o m the r e d u c t i o n 
in t h e d r y we igh t of b o t h s h o o t a n d roo t . Y i e l d d r o p is fo l lowed b y a d e g r a d a t i o n i n 
the q u a l i t y of t he f r u i t s of hos t s . A m o n g t h e chemica l s used f o r t h e cont ro l of t h i s 
p a r a s i t e , i so - amyl alcohol, t r i ch lo ro -ace t i c a c id a n d 2.4-D ( N a - s a l t ) were f o u n d t o b e 
qu i t e e f f i cac ious . In t he case of r o o t c rops a c e r t a i n d e f o r m a t i o n i n t h e hos t p r o d u c t 
was e v i d e n t . I n acu te cases t h e chemica ls were f o u n d to be t o x i c t o t h e roo t c rops . 
Introduction 
Orobanche aegyptiaca Pers., a total root parasite, is a serious problem 
in the production of cabbage, cauliflower, hrinjal and tomato. Host—parasite 
contact cannot be easily detected until the parasite emerges out of the soil. 
The parasite shares the inorganic nutrients and water absorbed by the host 
plant from the soil, and robs the organic food synthetized by the host, which' 
therefore, leads to low yield. 
Several chemicals, namely: 1,3-dichloropropane, C I P C , M C P B , Urea, 
a-napthalene-acetic acid, etc. have been suggested to be effective in Orobanche 
control ( A N A N D 1 9 5 3 , A D D Y 1 9 5 6 , I Z A R D et al. 1 9 5 8 , B A K R et al. 1 9 5 8 ) . W E R -
N E C K ( 1 9 4 0 ) proposed manuring of P . , O G for controlling this parasite (weed). 
The present study deals with the effect of Orobanche aegyptiaca infection 
on the growth of five hosts. An attempt has also been made to assess the loss 
of crops due to the Orobanche infection in the field. Some chemicals have also 
been applied in order to control this parasite. 
Material and Method 
Field e x p e r i m e n t s w i th f i v e c rops : Solanum melongena L. , Lycopersicum esculentum 
Mill., Brassica campcstris L. v a r . sarson. P r a i a . Raphanus sativus L. a n d Brassica campestris 
v a r . rapa were c o n d u c t e d in t h e v i c i n i t y of t he B a n a r a s H i n d u U n i v e r s i t y c a m p u s . Two f a i r l y 
iden t i ca l f ie lds were chosen fo r e a c h c rop , l eav ing o n e as control . T h e o t h e r was a r t i f i c i a l ly 
i n f ec t ed w i t h Orobanche aegyptiaca. Orobanche seeds w e r e spread in t h e f i e l d in J a n u a r y w h e n 
t h e hos t p l a n t s w e r e a b o u t t w o m o n t h s old. T h e p a r á s i t e was visible a b o v e t h e g round w i t h i n 
a f o r t n i g h t . 
G r o w t h of c rop and p a r a s i t e w a s s t u d i e d a t v a r i o u s stages a f t e r Orobanche e m e r g e n c e . 
G r o w t h w as r e c o r d e d in t e r m s of b o t h roo t weight a n d s h o o t weight of h o s t u n d e r h e a l t h y a n d 
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diseased condi t ions . The s a m e was due to pa ras i t e s . The yields were l a t e r recorded t o e s t i m a t e 
the loss caused b y Orobanche infec t ion . 
Chemicals , like 2,4-D (Na-sa l t ) , MH, C u S 0 4 , TCA ( t r ichloro-acet ic acid), a n d i so-amyl 
alcohol, in 1 % solution, were sprayed in the g r o u n d around Orobanche plants a t i n t e rva l s of 
5, 15, a n d 30 days af ter g e r m i n a t i o n . Effect of chemicals was assessed by populat ion c o u n t of 
parasi te p e r sq . meter. 
All r e su l t s were s u b j e c t e d to s tat is t ical analysis . 
10 2 0 30 40 10 20 30 
DagS ö f te r o r o b a n c h e emergence 
40 
Fig. 1. E f f e c t of Orobanche i n f ec t ion on the g r o w t h of shoots of h o s t a n d parasite. B a r s in the 
'mean e f f e c t ' represent cr i t ical differences a t 5 % level. (H) — h e a l t h y host; (I) — infec ted 
host ; (P) — p a r a s i t e 
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Fig. 2. Ef fec t of Orobanche infect ion o n the dry weight of host roots. B a r s in the 'mean e f f e c t ' 
represent cr i t ical differences a t 5 % level. (H) — hea l t hy host; ( I ) — infected hos t 
Results 
Results persented in Fig. 1 and Fig. 2 show the effect of Orobanche 
infection on the dry matter content of the host shoot, host root and the para-
site. It was found that the dry weights of healthy hosts (shoot and root) 
increased with age. On the other hand, dry matter content of the parasite 
was not proportionately affected. The dry weights of Orobanche infected hosts 
also increased with age but were reduced, sometimes as low as 20% of the 
healthy shoot and 50% of healthy root. 
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10 70 30 40 
Days a f t e r parasite's emergence 
Fig. 3. G r o w t h of Orobanche a t the cost of h o s t 
Hosts 
Fig. 4. E f f e c t of Orobanche i n f ec t i on on the yield of host plants . B a r s represent c r i t ica l differ-
ences at 5 % level. (1) — Solanum melongena L . , (2) Lycopersicum esculantum Mill . , (3) 
Brassica campestris L., (4) Raphanus sativus L . , (5) Brassica campestris v a r . r a p a . 
The growth of the parasite was found to he inversely related to the 
growth of host plants (Fig. 3). Correlation study (Fig. 5) between the degree 
of growth inhibition in host and that of growth stimulation in parasite has 
revealed t h a t they are positively correlated (r = +0 .7) . It is evident that 
fhe parasite robs nourishment from the host rendering the latter increasingly 
deficient in food, which results in poor growth and yield. 
To observe further the economic loss of the infected host plant . Fig. 
1 and Figs 1 and 2 have been presented. Orobanche infection has invariably 
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G r o w t h o f p a r a s i t e ( d r y w t . i n m g ) 
Fig. 5. Correlat ion b e t w e e n host growth a n d parasi te g rowth . Correlation coef f ic ien t (r) — 
= + 0 . 7 
reduced the total yield of the vegetables found in association with it. Reduc-
tion in the yield was found to he more in the case of root crops (Raphanus 
sativus 54% and Brassica campestris var. rapa 48%) than the fruit vegetables 
(Solanum melongena 25%), Lycopersicum esculantum 39%) or the oil seed 
crop (Brassica campestris var. sarson Prain 32%). 
Results of relative effect of various chemicals on the control of Orobanche 
have been presented in Fig. 6. I t shows that out of the five chemicals used, 
2.4-D (Na-salt), TCA and iso-amyl alcohol proved to be more efficient in 
15% concentration, and competely checked the Orobanche growth when two 
to three sprays were applied. On the other hand, maleic hydrazine (MH) 
and copper sulphate (CuS04) gave partial control of the parasite in 1% con-
centration. 
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The degree of Orobanche control for fruit vegetables like Solanum melon-
gena, was recorded to be approximately 66.66% by iso-amyl acohol; 75% 
by 2.4-D, 33.33% by MH; and 25% by CuSO,. For the root crop like Raphanus 
sativus, percentages of control provided by the single spray of chemicals 
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Fig. 6. Relative e f f ec t s of various chemicals (1%) on the control of Orobanche. (1) M H : 
(2) - CuSO ,: (3) TCA; (4) iso-amyl alcohol; (5) — 2.4-D (Na-sal t ) 
on the 5th day af ter emergence were 71.40% by TCA, 62.50% by iso-amyl 
alcohol and 77.77% by 2.4-D. The root crops appeared to he somewhat 
susceptible to these sprays and they gradually withered and died. The fruit 
vegetables like Solanum melongena and Lycopersicum esculentum and the 
oil seed crop, Brassica campestris var. sarson, Prain were not adversely affected 
by the chemicals. 
Discussion 
Results presented in the foregoing pages have brought light to the 
growth of Orobanche at the cost of the host. Deleterious effects of Orobanche 
о 
infection were evident in all the parts of host plants. The dry weight of both 
shoot and root was reduced significantly following infection. Roots were 
more damaged. 
The parasite, by means of its haustoria, consistently exhausts the host 
plant . Z A H R A N ( 1 9 5 8 ) explained this on the basis of translocation of metab-
olites from the host to the parasite which eventually results in a weak 
host. K A D R Y et al. ( 1 9 6 0 ) indicated that the physiological processes of the 
\\Wa\NXKSNK4S1 NN^ NSbMASyr.Vi К\\К\\Т.\\Ч\\Чч\т| tMl.\\TW4\\4v 
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host, particularly assimilation, might be affected by this exhaustion. Indirect 
effect of mineral deficiency may also results in an ultimate loss in yield if 
the mineral supply of soil is limited. 
Loss in yield is one of the striking features of Orobanche infection. No 
economic use of Orobanche aegyptiaca has been found so far. Orobanche infection 
affects all parts of host plant. Fruits of brinjal and tomato and the under-
ground parts of radish and turnip are all subjected to reduction both in weight 
and quality. Yield drop has been reported by many other workers ( W E R N E C K 
1 9 4 0 ) . The constant robbing of organic food by the parasite leaves the host 
in a rickety stage with only a few flowers, which hear less number of fruits 
with reduced size and weight. Even the quality of the fruit is impaired. Similar 
effects were reported by E V A N S ( 1 9 6 2 ) and M A L I K ( 1 9 6 3 ) stating the depression 
in the healthy growth of plants in many other host species. 
Several chemicals have been tried to control this parasite. Among 
them trichloro-acetic acid, iso-amyl alcohol and 2.4-D (Na-salt) were found 
to be quite efficient. Application of chemicals, as a possible control has been 
recommended by several workers ( A N A N D 1 9 5 3 , P E R E Z 1 9 5 6 , A D D Y 1 9 5 6 , 
W I L H E L M 1 9 5 8 , R A C O V I T A 1 9 5 9 and M A L I K 1 9 6 3 ) . Results of the present 
s tudy indicate tha t iso-amyl alcohol and trichloro-acetic acid in addition to 
2.4-D can efficiently control Orobanche growth. In many cases, root crops 
like radish and turnip had bad effects leading to deformed products, and in 
acute cases the host may even get withered and dry out due to the toxicity 
of chemicals. Tosic ( 1 9 5 8 ) also reported similar toxic effects of T C A , CuSO,j 
and 2.4-D on root crops and Orohanche. Fruit vegetables and mustard, in 
contrary, remained unaffected. 
Conclusions 
I t was found that Orobanche infection reduces the host crops both in 
quality and quanti ty. Further, iso-amyl alcohol, trichloro-acetic acid and 
2.4-D (Na-Salt) seemed to be effective chemicals in controlling this parasite. 
On the other hand, CuS04 and high doses of trichloro-acetic acid, 2.4-D 
(Na-salt) and MH were found to be toxic to host crops. 
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EFFECT OF NITROGEN ON YIELD AND MINERAL 
MATTER CONTENT IN TRITIGALE 
B y 
K . P R O H Á S Z K A , I . C S E R N I . B . F E H É R I I . 
AGRICULTURAL R E S E A R C H INSTITUTE OF T H E DANUBE-TISZA MID-REGION, K E C S K E M É T 
The e f f e c t of one-s idedly a p p l i e d a n d inc reas ing doses of n i t r o g e n fer t i l iza t ion 
on t h e macro- a n d m i c r o e l e m e n t c o n t e n t a n d yield of T r i t i c a l e No. 64 w a s s t u d i e d . The 
e x a m i n a t i o n s s h o w e d t h e fol lowing: I n c r e a s i n g doses of n i t r o g e n fer t i l izer a p p l i e d one-
s i d e d l y increased r e l i a b l y t he N, M n a n d Mo c o n t e n t w h i l e decreased Ca a n d Zn in t he 
Tr i t i ca l e grains. P . K , Mg, Fe and Cu c o n t e n t s of g ra ins w e r e n o t a f fec ted b y t h e n i t rogen 
fe r t i l i za t ion . T r i t i c a l e s t e m s r eac t ed t o n i t rogen f e r t i l i z a t i o n only w i th t h e i r Mo and К 
c o n t e n t s : Mo c o n t e n t w a s rel iably r e d u c e d while К i n c r e a s e d by it. U n d e r t h e inf luence 
of n i t rogen f e r t i l i z a t i o n t he grain a n d s t r a w yields of T r i t i c a l e reliably i n c r e a s e d result-
ing in a growing a m o u n t of m i c r o e l e m e n t s t aken o u t of t h e soil. 
Introduction 
l a addition to a number of environmental factors affecting the plants, 
crop production is greatly influenced by the optimum degree of nutrient supply. 
Therefore in fertilizers applied all nutrients should possibly be available for 
the plants. Namely, both abundance and deficiency of any nutr ient may 
disturb the natural balance of nutrients and lead to nutritive troubles. In 
this case the metabolism of plants changes, involving in most cases a deficiency 
in other elements too, and even if the symptoms of hunger have not yet been 
shown by the plant, the state of a hidden hunger already exists. 
Present investigations were aimed at studying the effect of one-sided 
nitrogen fertilization on the amount of grain and straw yields in Triticale 
and examining changes which occurred in the mineral matter content. 
Results of investigations give, at the same time, information on the 
major mineral matters contained in Triticale. 
Material and Method 
T h e e x p e r i m e n t a i m e d a t s t udy ing t h e y ie ld increas ing e f f e c t of n i t rogen f e r t i l i z a t i on 
was s t a r t e d i n t he a u t u m n of 1968 a t t he K i s f á i s t a t i on of t h e A g r i c u l t u r a l R e s e a r c h I n s t i t u t e 
w i t h t h e Tr i t i ca le No. 64 i n d i c a t o r p l an t l a id o u t in 5 x 5 L a t i n s q u a r e design on a s a n d covered 
soil. T h e size of the p l o t s w a s 3 x 4 . 8 m = 14.4 m 2 ; t r e a t m e n t s w e r e t he fo l lowing , app ly ing 
pé t i só ( a m m o n i u m n i t r a t e ) i n 25 per cent c o n c e n t r a t i o n : 1) 0 - , 2) 35-, 3) 70-, 4) 140- , 5) 280 
k g / h a a c t i v e agen t N. 
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T h e preceding c rop of the exper imenta l area was t o m a t o t rea ted with f a r m y a r d manure 
(200 q / h a ) . Nitrogen fe r t i l i ze r was therefore app l ied as top-dress ing on 1st M a r c h Í969. Sowing 
was p e r f o r m e d with 100 kg /yoke seeds u s e d . 
Samples were t a k e n immediately a f t e r harvest ing. A h a n d f u l of p l an t s p e r sheaf were 
t a k e n a t r andom f rom e a c h plot . 
Collected samples were dried in an exs icca tor at a t e m p e r a t u r e not h ighe r t h a n 60 °C. 
t h e n g r o u n d . E x a m i n a t i o n s were carried o u t wi th ground air-dried samples u s e d . N, P and 
К c o n t e n t s were d e t e r m i n e d by a vi t r iol ic des t ruct ion t e s t w i t h Sarkadi 's m e t h o d applied 
(SARKADI KRÁMER 1960). Samples for Ca, Mg and mic roe lemen t d e t e r m i n a t i o n s were pre-
p a r e d b y a dry burning m e t h o d used in t he G D R (BERGMANN 1964). Ca and Mg w e r e determined 
f r o m t h e stock solution b y complexometr ic t i t r a t ion a f t e r Derder ian ' s m e t h o d (DERDERIAN 
1961). F e , Mn, Cu a n d Zn were examined w i t h a po l a rog raph ; Zn and Cu in a 2 mol NH : . 
m e d i u m wi th s a t u r a t e d N a z S 0 3 present , whi le Fe in an a lkal ine t r i e t ano le -amine medium 
(BHEZINA—ZUMAN 1956). Mn was de t e rmined wi th BOLSHAKOV'S method (1964). I n the above 
s tock solut ion m o l y b d e n u m was color imetr ical ly examined a f t e r TÖLGYESI'S m e t h o d (1969). 
P l a n t samples from e a c h p lo t were e x a m i n e d , and s ta t i s t i ca l evaluations ca r r i ed out af ter 
S V Á B ( 1 9 6 7 ) . 
Results 
The effect of nitrogen fertilization on the grain and straw yields of Triti-
cale and on some properties of its flour is shown in Table 1. 
Table 1 
Effect of nitrogen on Triticale yields and on some properties of its flour 
Treatment 
N kg/ha 
Yield kg/plot 
grain j straw 
Thousand-
grain-weight 
К 
Ash 
% 
Raw fibre 
% 
Soluble 
protein 
% 
0 1.34 2.56 35.37 2.28 2.70 0.46 
35 2.16 4.40 38.86 2.25 2.70 0.46 
70 2.82 5.66 39.08 2.32 2.60 0.46 
140 3.36 7.10 41.46 2.40 2.50 0.49 
280 4.36 7.88 41.28 2.34 2.60 0.52 
l.s.d. 10% 
l.s.d. 5% 1.00 1.50 
3.70 
— 
— 
— 
According to the data of the table nitrogen fertilization exerted the 
greatest effect on the yield of the Triticale; it increased reliably the grain 
and straw yields of plots. (In the table calculations were made with plot 
yields only, as the plots were of very small area, and with data converted 
to yokes or hectares unreal results would possibly have been obtained.) Nitro-
gen fertilization resulted in reliable differences concerning thousand-grain-
weight in Triticale as well. 
Data did not show any influence exerted by the fertilization in question 
on ash and raw fibre contents. A slight increase could he observed in the soluble 
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Fig. I. Changes of microelement con ten t in the g ra in yield of T r i t i ca l e No. 64 as a reac t ion to 
various doses of N-fertilizer 
protein content of Triticale grains as a response to increased doses of nitrogen 
fertilization. This was, however, only a tendency, since no Teliable differences 
could be found between the treatments. 
The effect of nitrogen fertilization on the major macro- and microelements 
contained in Triticale are shown by Table 2. Results of investigations display 
that it was the nitrogen content of grains that the most conspicuous effect 
was exerted on by the one-sided nitrogen fertilization; latter increased the 
N content of grains reliably. Such effect of nitrogen fertilization is today 
generally known in most plants. 
Ca contents of grains were contrarily influenced by the nitrogen — even 
if only in an indirect way. According to the data of investigations with increased 
doses of nitrogen the Ca content of grains reliably decreased. Phosphorus, 
potassium and magnesium contents of grains were not influenced by the 
nitrogen fertilization, as no changes occurred in the macroelement contents 
of stalks either, with the exception of K. 
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Table 2 
Effect of nitrogen on major macro- und microelements contained in Triticale 
Plant Treatment N 
kg/ha 
N p к Ca Mg Fe Mn Zn Cu Mo 
parts 
g/kg mg/kg 
G r a i n 0 
35 
70 
140 
280 
22.7 
21.7 
22.1 
23.7 
24.6 
4.53 
4.60 
4.70 
4.76 
4.80 
6 .50 
6 .20 
6 .30 
6 .40 
6 .60 
0.23 
0.22 
0.24 
0.17 
0.14 
0 .44 
0.50 
0.67 
0.49 
0.52 
172.8 
181.5 
170.7 
176.1 
162.0 
19.6 
23.6 
26.2 
28.5 
30 .3 
47.7 
41.5 
37.3 
37.1 
39.9 
4.31 
3.76 
3.50 
4.72 
4.00 
0 .86 
0.91 
0.79 
1.10 
1.78 
l . s . d . 0 . 1 % 
1 % 
5 % 
1 0 % 
1.98 
1.41 
1.15 
— 
0.07 
0.05 
0.04 
— 
7.8 
5.5 
3.9 
3.2 
6.25 
5.10 
0.51 
0.36 
0 .26 
0.21 
S t e m 0 
35 
70 
140 
280 
6.4 
7.3 
7.1 
7.3 
6.6 
1.43 
1.75 
1.73 
1.85 
1.59 
10 .3 
11 .8 
11.4 
12 .9 
12.3 
2.80 
3.00 
2.80 
2.82 
3.03 
0 .93 
1.10 
1.00 
1.00 
1.10 
506.6 
366.5 
383.1 
394.2 
380.3 
13.6 
16.8 
17.5 
17.5 
16.9 
7.0 
7.5 
6.5 
5.9 
5.6 
8.27 
8.96 
9.32 
8.96 
9.82 
0 .98 
0.57 
0.39 
0.29 
0.22 
l . s . d . 0 . 1 % 
1
 /0 
° /о 
1 0 % 1.61 
-
— 
_ 
— 
0.15 
0 .06 
0 .05 
Note: S i g n i f i c a n t differences w e r e only found a t places shown b y t h e table 
According to the data of Table 2 mircoelemeiit content of Triticale 
grains was much more reactive to nitrogen fertilization. Wi th the exception 
of Fe and CU nitrogen fertilizers caused changes in the amounts of all the other 
microelements examined. 
Parallelly with an increase in the nitrogen content of grains unam-
biguous increase of manganese and molybdenum contents could be observed. 
This can be explained with the role played by manganese and molybdenum 
in protein formation. Manganese is known to play a manifold role in plant 
metabolism. I ts presence is indispensable in protein formation too ( D O B Y 
1 9 5 9 , G I R F A N O V — R A K H O V S K A Y A 1 9 6 4 , M A J E W S K I 1 9 6 1 , V L A S Y U K 1 9 6 2 ) . 
Molybdenum, on the other hand, is a component of the nitrate reductase 
enzyme. In its absence nitrate nitrogen accumulates in the plants and inhibits 
the protein synthesis ( F A R K A S 1 9 6 8 , M A J E W S K I 1 9 6 1 , M I N I N A 1 9 6 3 , T I S D A L E — 
N E L S O N 1 9 6 6 ) . 
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This is the explanation of manganese and molybdenum contents 
of Triticale grains increasing parallelly with the nitrogen content. Corre-
lation calculation made of the data of investigation confirms what have 
been said. 
A medium-close positive correlation was found between nitrogen and 
manganese contents of grains (R = 0.40). Data proved reliability at 5 per 
cent level of probability. 
Correlation between nitrogen and molybdenum contents of grains is 
also medium-close (R = 0.42). Thus, increased doses of nitrogen fertilization 
obviously increased the manganese and molybdenum contents too, in addition 
to the nitrogen content of grains. 
Increase in the manganese content of grains involved then an increased 
calcium content. D O B Y (1959) and T Ö L G Y E S I (1969) mention an antagonism 
existing between manganese and calcium. According to the data of our investi-
gations there is a medium-close negative correlation (R =0.58) between cal-
cium and manganese. Data prove reliability at a I per cent level of probability. 
Increased doses of nitrogen fertilizers did not cause reliable changes 
in the Fe content of grains. However, it is not so much an absolute amount 
of Fe tha t is important, as its relation to other elements. The ratio of iron 
to manganese is of high importance in the life processes of plants. No unani-
mous opinion exists, however, in literature concerning this often studied iron-
manganese interaction. 
S O M E R S S H I V E ( 1 9 4 2 ) and T A N A K A N A V A S E W ( 1 9 6 6 ) suggest an 
ion antagonism based oil reduction potential as existing between iron and 
manganese ions. On the other hand, B U R G H A R D T ( 1 9 5 6 ) traced back the defi-
ciency or surplus of iron and manganese to the processes of growth, assimilation 
and respiration. Deficiency of manganese cannot he caused by a surplus of 
iron. 
According to T Ö L G Y E S I (1969) iron and manganese contents of a plant 
cannot he — under natural conditions in any connection with each other. 
Data of our investigation showed that an increase in the manganese 
content even if in an absolute sense it did not affect the iron content of 
Triticale grains — decreased the ratio of Fe to Mn. 
With the increase in the manganese content of grains less and less iron 
fell to the unit content of Mn. In the present case trends in the Fe/Mn ratio were 
decisively influenced by the manganese content. According to T Ö L G Y E S I 
(1969) the relation of iron and manganese is first of all a function of the manga-
nese content. 
When the effect of one-sidedly applied increased doses of nitrogen 
fertilizer on the Zn content of Triticale grains are studied, data show a 
reliable decrease in the Zn content of grains as caused by the nitrogen ferti-
lization. 
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Cu has an important part in protein formation, as proved by our experi-
men t s where the protein content of grains increased under the influence of 
nitrogen fertilization. I t did not seem, however, to affect the Cu content of 
the indicator plant . 
Data of Table 2 show, fur ther , that nitrogen fertilization had hardly 
any effect on the microelement content of Triticale stems, and among the 
macroelements only potassium was affected. Changes were caused only in 
the molybdenum content: it was jus t stems of plants given the largest (280 
kg/ha) doses of nitrogen fertilizer t h a t contained the lowest amount of molyb-
denum. In our opinion, this can be explained with the role played by molyb-
denum in the n i t ra te metabolism and protein synthesis. Changes caused by 
the nitrogen fertilization in the microelement content of Triticale grains are 
presented in Table 1. 
As to the mineral matter content of Triticale grains it was not so much 
the macroelements as the microelements that were affected by the one-sided 
nitrogen fertilization. Under its influence amounts of certain microelements 
(Mn, Mo) increased, those of others (Fe, Cu) remained unchanged while 
the amount of Zn decreased. These changes caused by fertilization decisively 
influenced, in turn , the micro-nutrient content of the soil. 
As a reaction to increased doses of nitrogen fertilization Triticale yields 
showed trends presented by Table 1. According to the data of the table nitrogen 
reliably increased the amounts of grain and straw yields. 
By means of microelement analysis data amounts of micro-nutrients 
extracted per plot by the Triticale yields were calculated f rom the yield 
results; the respective data are included in Table 3. 
Table 3 shows that even a 35 kg/ha dosis of N greatly increases the amount 
of microelements taken out of t he soil. Under the influence of doses larger 
Table 3 
Amounts of microelements extracted from the soil under the influence of nitrogen 
fertilization 
(mg/plot) 
N k g / h a Fe Mn Zn Cu M 
0 1482.7 61.5 148.4 27.4 3.63 
35 1892.7 119.9 215.5 44.6 4.52 
70 2437.9 175.9 244.8 62.7 4.38 
140 3368.3 227.1 302.9 79.0 5.62 
280 3834.8 263.3 414.9 95.5 5.64 
l .s .d. 5 % 774.3 208.2 71.4 19.2 2.51 
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than tha t this process takes place, naturally, at a highly increased rate ( G Y O R Y 
1963). 
The microelement extracting effect of fertilization raises the question of 
microelement supply, otherwise fertilization would gradually lead to the 
depletion of the micro-nutrient reserves of the soil. This applies especially 
to sandy soils. 
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ON THE ROLE OF LEAF AREA AND PHOTOSYNTHETIC 
PRODUCTIVITY IN DRY MATTER ACCUMULATION 
OF THE RICE PLANT 
B y 
N G U Y E N V A N U Y E N 
DEPARTMENT OF P L A N T PHYSIOLOGY, AGRICULTURAL RESF.ARC11 INSTITUTE. HANOI 
F r o m t h e p o i n t of view of p h o t o s y n t h e s i s a n d d r y m a t t e r p r o d u c t i o n , two main 
phases of v e g e t a t i v e per iod of t h e r ice p l an t can be d i s t i ngu i shed : p h a s e of high leaf 
e x p a n s i o n a n d p h a s e of high p h o t o s y n t h e t i c p r o d u c t i v i t y . A grea t p a r t of d r y m a t t e r 
c o n s t i t u t i n g rice g r a i n is a c c u m u l a t e d du r ing t he s e c o n d p h a s e . N i t r o g e n m u s t he used 
to r egu la te t h e leaf a r e a in t h e f i r s t p h a s e and p h o t o s y n t h e t i c a c t i v i t y in t h e second 
phase , in order t o o b t a i n high a n d s t a b l e yield. 
Introduction 
The poor response of indica rice varieties to nitrogen has been reported, 
long ago, to limit rice yield in the tropics ( C H A N D L E R 1 9 6 2 , N A G A I 1 9 5 8 , 
G R I S T 1 9 5 9 ) . The only way to overcome this problem is to introduce high 
nitrogen response varieties. 
In order to obtain high, stable yield with these newly introduced varieties, 
knowledge about their growth habit under tropical conditions lias a great 
importance. 
The present paper deals with some preliminary observations 011 the 
dry matter accumulation pattern in relation to the rate of photosynthesis 
and leaf expansion of a high nitrogen response rice variety introduced in North 
Vietnam some years ago. 
Material and Method 
In all e x p e r i m e n t s , t h e rice v a r i e t y Dwar f Chan c h a u w a s used, the v e g e t a t i v e period 
of w h i c h is a b o u t 1*20 d a y s . D w a r f Chan c h a u rice has s h o r t s t r a w s and e rec t l e a v e s . The r a t e 
of d r y m a t t e r a c c u m u l a t i o n w a s fo l lowed b y t a k i n g samples a t 5 places f r o m e a c h f ield plot 
e v e r y 10 days . D r y w e i g h t w a s m e a s u r e d a f t e r d ry ing t h e p l a n t s in a n o v e n a t 80 °C for 12 
h o u r s . Di f fe rence in d r y w e i g h t pe r s q u a r e m e t e r b e t w e e n t w o consecu t ive s a m p l i n g was 
exp re s sed as d ry m a t t e r a c c u m u l a t i o n r a t e (W„ — W J . 
Leaf a rea i n d e x ( L A I ) was e x p r e s s e d as t he t o t a l a c t i v e leaf area p e r s q u a r e mete r . 
Leaf a r e a was m e a s u r e d e v e r y 10 d a y s , b y weighing t he p h o t o c o p y of t h e l e a v e s on photo-
sens i t ive pape r . F r o m W a n d L A I t h e p r o d u c t i v i t y of p h o t o s y n t h e s i s w a s ca lcu la ted as 
fo l lows : 
p W 2 W , 
L A I . + L A I , 
- X 10 
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T h i s fo rmula e x p r e s s e s the a m o u n t of d r y m a t t e r a c c u m u l a t e d per u n i t leaf a r e a p e r d a y . 
Chlorophyl l c o n t e n t of leaves w a s d e t e r m i n e d s p e e t r o p h o t o m e t r i c a l l y a n d t o t a l n i t rogen 
c o n t e n t b y the K j e l d a h l m e t h o d . 
O t h e r field e x p e r i m e n t s were c a r r i e d o u t in 40 m- p l o t s in four - fo ld r e p l i c a t i o n when 
f i n a l y i e l d was d e t e r m i n e d . 
Results 
As shown in Fig. 1, the r a t e of LAI (ДЬА1) increases continuously 
af ter transplantation and reaches a maximum before the ear-initiation stage. 
At t he same time we observed two maxima of P during the growth process 
(Fig. 2). The first peak of photosynthetic productivity appears at the stage 
of maximum tiller production, the second at the flowering stage. The same 
figure observed for the chlorophyll and nitrogen content of leaves indicated 
tha t P greatly depends on these factors. 
Fig. 3 shows the dry matter accumulation pat tern of Dwarf Chan chau 
rice during growth. Д W is small a t the tillering stage, but increases rapidly 
after flower differentiation and reaches a maximum at about heading time. 
The great value of Д W at heading time cannot be explained simply by the 
increase of LAI, because LAI practically remains unchanged during this 
time. On the other hand, during heading time seems to be in close relation 
with the second peak of photosynthetic productivity. 
The life of the rice plant has been described by several authors as a 
process consisting of several distinct phases ( G R I S T 1 9 5 9 , M A T S U O 1 9 5 5 , T O G A -
R I M A T S U O 1 9 6 2 , Bui 1 9 6 5 , T I N G 1 9 6 3 ) . As shown in Fig. 1 , 2 and 3 , from 
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Fig. 2. D y n a m i c s of c h a n g e s in n i t r o g e n , ch lo rophy l l c o n t e n t a n d p h o t o s y n t h e t i c p r o d u c t i v i t y 
(P ) d u r i n g g r o w t h of t h e r ice p l a n t 
the point of view of dry matter production and photosynthesis, the life of 
the rice plant can be divided into two main phases, each having their own 
physiological characteristics. Under our experimental conditions the period 
of flower differentiation divides these two phases. In the first phase, dry 
matter accumulation is connected with rapid leaf expansion, as well as with 
high photosynthetic productivity. At the end of this phase, as LAI increases 
continuously, P decreases and reaches a minimum value at the flower differen-
tiation period. Thus, leaf expansion plays a key role in dry matter accumu-
lation during the first phase. 
In the second phase, as LAI remains unchanged or even decreases 
in some cases, dry matter accumulation depends mainly on high photosynthetic 
productivity. 
As has been discussed by several authors ( M U R A T A — O S A D A I Y A M A 
1 9 5 7 , M U R A T A 1 9 6 1 , L I N Z A N D B R O V T S I N A 1 9 6 4 ) , photosynthetic activity 
of the rice plant depends on many factors, for instance, on the nitrogen con-
tent of the leaves (especially the flag leaves) on sun light intensity and duration, 
on the water supply etc. The dependence of LAI of the rice plant on the amount 
of nitrogen applied has also been reported ( M U R A T A 1 9 6 1 , T A N A K A — N A V A -
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Fig. 3. Dynamics of d r y m a t t e r accumula t ion r a t e (ДМ ) du r ing g rowth of the rice p lant 
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S E R O - G A R C I A — P A R A O R A M I N E Z 1 9 6 4 , S U D Z U K I 1 9 5 8 ) . However, this depen-
dence is not the same over the vegetative period of the rice plant . As shown 
in Fig. 4, in all growth stages a linear dependence between LAI and the amount 
of nitrogen applied is obtained. But as the rice plant grows, the dependence 
of LAI upon nitrogen supply becomes continuously weaker. As one can observe 
in rice growing practice, excess amount of nitrogen at the tillering period 
gives rise to a luxurious growth of leaves and leads to mutual shading of the 
plant and lodging. After the floral differentiation period the dependence of 
LAI upon nitrogen dressing is so weak that one can use high amount of nitrogen 
without the danger of lodging. Therefore, in the second phase, nitrogen can 
be safely used in order to increase the photosynthetic productivity of the rice 
plant. 
As the root system of rice is often partly deteriorated af ter heading 
( T O G A R I M A T S U O 1 9 6 2 , S U D Z U K I 1 9 5 8 ) foliar application of nitrogen at this 
phase has been proved to be very efficacious ( N A G A I 1 9 5 8 , S U D Z U K I 1 9 5 8 ) . 
This is in line with our field experiments as shown in Table 1. 
Table 1 
Effect of foliar application of nitrogen after heading on rice yield* 
Treatment Yield kg/hu 
1000 grain 
weight 
(g) 
Cont ro l 3390 19.3 
A m m o n i u m sul fa te 1 % 3780 20.3 
U r e a - f - P o t a s s i u m chlor ide 1 % 3530 19.4 
* Sprays of nu t r i t i ona l so lu t ions were pe r fo rmed t h r e e t imes of 5 - d a y in t e rva l - a f t e r 
c o m p l e t e head ing a t a r a t e of 600 1 /ha . 
That a great part of dry matter contributing to rice yield is due to photo-
synthesis after heading, has been reported by several authors ( T I N G 1 9 6 3 , 
L I N Z A N D B R O V T S I N A 1 9 6 4 , A R A K I 1 9 6 2 ) . This is also shown by the data 
mentioned above, as the second phase is characterized by high photosynthetic 
activity and high rate of dry mat ter accumulation. In order to clarify the 
role of photosynthesis after heading in total dry matter accumulation, we 
carried out an experiment to investigate the contribution of the leaf system to 
the final grain yield during the time from heading to ripening. The results 
of this experiment are shown in Table 2 indicating the important role of the 
upper leaves, especially that of the flag leaves in dry matter accumulation. 
In order to obtain high and stable yield with these new varieties, at 
the end of the first phase, the leaf area index must reach the maximum value 
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Table 2 
Effect of shading of the leaf system after heading on rice yield components 
Yield components** 
Shaded leaves 1000 grain 
weight 
(%) 
Control 
(without shad ing) 
Flag leaf 
Flag leaf и 1st leaf 
Flag leaf - f i s t leaf -(-2nd leaf 
7 4 
5 0 
4 5 
100 
81 
68 
51 
100 
* Leaves were shaded b y covering with thin layers of d a r k (inside) and white (outside) 
paper. 
** Mean value of 100 plants. 
without mutual shading (under our experimental conditions for Dwarf Chan 
chau rice this value is about 5 6). From the high response of leaf area to 
nitrogen application, the best way to regulate the leaf area in the first phase 
is nitrogen dressing. I t is very important in the second phase to maintain 
the active leaf area and to increase the photosynthetic productivity of the 
leaf system. Two main factors are involved: nitrogen content of the leaves 
and light. By top dressing or by spraying nitrogen solution, the nitrogen con-
tent of leaves can be maintained at certain level. Unfortunately, in tropical 
regions the climate in April and early May (duration of the second phase) 
is generally characterized by a highly variable number of sunshine hour 
and the rice yield of the spring crop depends greatly on the climate conditions. 
However, by appropriate techniques, like early sowing and transplantation 
as well as nitrogen application, the climatic problems can be partly over-
come. 
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RELATIONSHIP BETWEEN THE EVAPOTRANSPIRA-
TION OF RICE AND PAN EVAPORATION 
By 
V . K . V A M A D E V A N 
DEPARTMENT OF CROP PRODUCTION AND SOIL CULTIVATION, AGRICULTURAL UNIVERSITY 
G ÖnÖLLŐ 
A t w o - y e a r s t u d y of t h e re la t ionsh ip be tween é v a p o t r a n s p i r a t i o n a n d p a n 
e v a p o r a t i o n — Class " A " p a n a n d GGI 3000 p a n — indicates t h a t t he ra t io of E T / E 
is a lmos t c o n s t a n t for t h e v e g e t a t i v e , r e p r o d u c t i v e a n d r ipen ing s t a g e s of rice g r o w t h . 
A m o n t h l y a n d seasonal r a t i o of " 1 " is r e c o m m e n d e d for a reas w i t h condi t ions s i m i l a r 
t o those in t h e e x p e r i m e n t . T h e r e was no s i g n i f i c a n t d i f f e r ence be tween Class " A " 
pail and G G I 3000. 
Introduction 
The classical studies of Briggs and Shantz published in 1914 and 1917 
( V I E T S 1 9 6 2 ) , revealed a striking correlation between évapotranspiration 
(ET) and pail evaporation. Since then, many studies have been conducted 
on rice which included such comparisons. These studies indicated that t h e 
pan data could be used to estimate ET ( T H O N G T A W E E 1 9 6 5 , P A L Y A S O O T 
1 9 6 5 , CHAUDHURY P A N D E Y 1 9 6 6 , KATO et al. 1 9 6 7 , V A M A D E V A N D A S T A N E 
1 9 6 8 , N A K A G A W A 1 9 6 9 ) . I t appears that the use of evaporation pans as a 
practical tool for predicting ET in the rice field is promising, where reliable 
measurements have been made and pan environment has been fairly standard-
ised throughout the growing season. At the same time, it m a y be mentioned 
tha t the coefficient derived for a specific region may not necessarily and 
automatically be applicable to other territories with completely different con-
ditions of climate, soils and cultivation practices. An experiment was conducted 
to establish the relationship between the measured ET at two water depths 
and the evaporation from the Class "A" pan recommended by WMO as well 
as the CGI 3000 pan standardized in the USSR. 
Material and Method 
T h e s tudy w a s c o n d u c t e d d u r i n g 1968 and 1969 a t t h e S t a t e F a r m , M e z ő t ú r a t y p i c a l 
r ice g rowing area in t h e g r e a t H u n g a r i a n p la in . The e l e v a t i o n is 83 m a n d i t is s i t ua t ed 47 °C , 
20 .31 ° E . The a n n u a l p rec ip i t a t i on is 550 m m . 
T h e E T was m e a s u r e d using g a l v a n i z e d iron t a n k s w i t h 5 0 x 5 0 c m m e a s u r e m e n t s a n d 
a d e p t h of 80 em, e m b e d d e d in t h e c e n t r e of the rice f i e l d . Dai ly m e a s u r e m e n t s of E T w e r e 
m a d e us ing the " H é n i - T ó t h " t y p e g a u g e which had b e e n u s e d as a s t a n d a r d i n s t r u m e n t f o r 
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measur ing E T in Hungary . 20 t a n k s each were e m b e d d e d at water d e p t h s of 5 and 20 cm. 
Measurements of E T were made at 8 A.M toge the r wi th a m e a s u r e m e n t of p rec ip i ta t ion , if 
a n y , for convenience in the a m e n d m e n t s of measu red values. 
A s t a n d a r d rain gauge and a t h e r m o h y g r o g r a p h were instal led a t each water d e p t h to 
measu re ra infal l , t empera tu re a n d humid i ty . Gross solar radiat ion d a t a were taken f r o m the 
Meteorological S ta t ion at Szarvas , which is s i tua ted 6 km away f r o m t h e exper imenta l f ie ld . 
T h e two t y p e s of pan most widely used all over t he world, namely t h e Class " A " pan a n d t he 
GGI 3000, were also installed in t he exper imenta l f ie ld . 
Fig. 1. A view of the t a n k s set in the rice field to measure évapo t r ansp i r a t i on 
Fig. 2. A view of U.S.A. S t a n d a r d " A " p a n a n d GGI 3000 s u n k e n pan installed in the rice 
f ie ld 
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Results 
The variations of ET during the rice growing period can lie estimated 
by obtaining the ratio between ET in the rice field and the pan evaporation, 
eliminating the influence of meteorological factors. The monthly ratios were 
investigated with evaporation from a Class " A " pan and a GGI 3000 and 
2500 cm2 tank embedded in the rice population. 
Table 1 shows the monthly ET/E ratios. The following observations 
can be made from the above Table. 
Table 1 
Evaporation of rice with respect to pan evaporation 
Item 
Ju ne July Aug. Sept. Total 
Year 
5 em 20 cm 5 cm 20 cm 5 cm 20 cm 5 cm 20 cm 5 cm 20 cm 
" A " pan 0.86 0.99 0.82 0.84 0.83 0.85 — — 0.84 0.89 
1968 GGI 3000 0.82 0.95 0.83 0.85 0.81 0.83 — 0.82 0.88 
2500 cm-' t a n k 1.04 1.06 1.29 1.29 2.10 2.50 
— 
— 
1.30 1.40 
" A " pan 0.85 0.96 0.94 0.99 1.12 1.20 1.31 1.30 1.05 1.11 
1969 G G I 3000 0.91 1.02 1.06 1.13 1.12 1.18 1.34 1.33 1.10 1.16 
2500 cm2 t a n k 1.00 1.00 1.15 1.13 1.67 1.69 1.75 1.69 1.38 1.38 
1. In 1968 monthly ET/E ratios appear to remain within the range of 
0 . 9 for "A" pan and GGI 3 0 0 0 , whereas in 1 9 6 9 the ratio tends towards a 
higher value, that is 1.1. This may be due to the high midsummer adjective 
conditions which prevailed that year ( V A M A D E V A N 1 9 7 0 ) . The ET/E from 
the tank embedded in the rice field is initially low, hut increases with the 
growing season. A maximum value was reached in August in both years. 
This tendency differs with the value of ET, itself. 
2. In general, the ratio inclined to decrease during 1968, when there 
were more rainy days. The size of the ratio does not necessarily mean the 
degree of the ET. 
3. The ratio is slightly higher at 20 em water depth than at 5 cm in 
all the months. 
4. A seasonal ratio of "1" may safely be adopted for areas with conditions 
similar to those in the experiment with the assurance that the error will 
not exceed 16%. 
5. I t is observed that there is no significant difference between the 
Class " A " pan and the GGI 3000. 
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Fig. 3. T h e changes of E T / E ( f r o m class " A " p a n ) a t 5 cm a n d 20 c m water d e p t h s w i t h p lant 
height a n d leaf area index 
mm/5 days 
Fig. I. I .umula t ive E T c o m p a r e d with c u m u l a t i v e E f rom TT.S.A. S t a n d a r d " A " p a n , GGI 3000 
and t a n k e v a p o r a t i o n (1968) 
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6. The ratio of ET/E (Class " A " pan and GGI 3000) is almost constant 
for the vegetative, reproductive and ripening stages. The ratio does not change 
with the crop height and leaf area index either (Fig. 3). 
Fig. 4 shows cumulative ET when compared to cumulative evaporation. 
The cumulative ET and E show the same slope. This indicates that in the 
rice field under flooded conditions, the relationship between cumulative F T 
and cumulative E from open water surface is linear throughout the season, 
and not as in other crops in arid climates, as reported by S T A N S H I L L ( 1 9 6 2 ) . 
Thus, basically ET is more a function of the climate. 
This shows tha t under flooded field conditions, there is a considerable 
relationship between pan evaporation and ET, when this relationship is deter-
mined for mean monthly values. 
Thus a seasonal ratio of " 1 " may safely be adopted for the rice growing 
areas of Mezőtúr, with the assurance that the error will not exceed 16%. 
Assuming that it is t rue that this average value immediately shows the mis-
take, we cannot forget that ET is more a statistical value and thus its preci-
sion for all practical purposes should not go beyond oscillations characteristic 
of determinative factors, such as climatic and plant factors. The above consid-
eration is supported at least in preliminary and practical appraisal 
when the given ratios are compared with ET values themselves. In other words, 
within the scope of technical operations of irrigation projects, the error in 
the suggested ratio for the evaluation of ET is perfectly admissible — both 
because of the statistical nature of the data and its magnitude, when compared 
with the conveyance losses, percolation and over-irrigations in the rice field. 
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EFFECT OF GAMMA IRRADIATION ON QUANTITATIVE 
CHANGES IN THE CARBOHYDRATE CONTENT OF GER-
MINATING PEAS 
B y 
J . F R A N K , Z . L E N D V A I 
AGRICULTURAL RESEARCH I N S T I T U T E OF SOUTH-EASTERN TRANSDANUB1A, IREGSZEMCSE 
A u t h o r s e x a m i n e d t h e e f fec t of r a d i a t i o n on t h e r a t io of s t a r c h to s u g a r - l i k e 
c a r b o h y d r a t e in pea c o t y l e d o n s in connec t ion w i t h t h e s t a r t i n g of ge rmina t i on . T h e y 
found t h a t on t h e f i r s t d a y fo l lowing t he i r r a d i a t i o n t h e t o t a l c a r b o h y d r a t e c o n t e n t of 
the seed i n c r e a s e d , while t h e q u a n t i t y of soluble s u g a r s decreased b y 2 5 % . This d e c r e a s e 
was t h e n fo l lowed b y a n i m m e d i a t e 1 0 — 2 0 % i n c r e a s e , t h e n on t h e 9 t h day t h e so lub l e 
c a r b o h y d r a t e f r a c t i o n of p l a n t s a p p r o a c h e d a n d a t t a i n e d r e s p e c t i v e l y in all r a d i a t i o n 
t r e a t m e n t s t h e sugar level of u n t r e a t e d p l a n t s . A t t h e cr i t ical p o i n t of g e r m i n a t i o n , 
on t he f i f t h or s i x t h d a y a f t e r w a t e r u p t a k e t h e a m y l a s e - c o m p l e x r e a c t e d to t he r a d i a t i o n 
t r e a t m e n t s w i t h an inc reased hydro l iz ing a c t i v i t y , as a resu l t of w h i c h t he d ry m a t t e r 
re la ted s u g a r c o n t e n t of t r e a t e d seedlings e x c e e d e d b y 2 — 8 % t h a t of t he c o n t r o l . 
On t h e 9 t h d a y , on t h e o t h e r h a n d , c a r b o h y d r a t e p e r c e n t a g e of t r e a t e d seedlings w a s 
higher t h a n t h a t of t he c o n t r o l only in the ease of s t i m u l a t i n g doses . 
Introduction 
Pea is a plant in which the whole amount of reserve starch is stored 
in the cotyledon. In the course of germination, as a result of a liydrolytic 
enzymatic decomposition of the starch, the carbohydrates are mobilized; 
this transformation is visibly indicated by the gradually increasing corrosion 
of starch grains. 
On the f i f th day of germination Y O U N G Y A R I N E R ( 1 9 5 9 ) observed 
a remarkable increase in the x-amylase activity which they considered to 
be the result of an intensive enzyme synthesis demonstrable in the tissues. 
Apart from investigations into the amylase-complex it is very important to 
know the fat carbohydrate transformation ( S T U M P F B A R B E R 1 9 5 6 , B E E V E R S 
1 9 6 1 ) and the intensity of respiration ( S P R A G G Y E M M 1 9 5 9 ) , since it is only 
through a knowledge of these regulating mechanisms that a complete picture 
of the beginning of metabolic reactions can be obtained. The whole of these 
biochemical changes is well known, the effect of radiation on the mobilization 
of nutrients has not been, however, clarified. 
When studying the carbohydrate metabolism W A S S J U K ( 1 9 5 8 ) and 
B R E S L A V E C B E R E S I N A ( 1 9 5 6 ) after having soaked sugar-beet seeds in radio-
active solution, and irradiated the plant during the whole vegetative period 
respectively, (0.02 r/day), found a 0.5 2.1% absolute increase in the sugar 
content. 
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Although it is necessary to refer to results obtained by R U B I N et al. 
(1959) with potato, nevertheless it would be a mistake from many aspects 
to draw a parallel between the storage mechanism of potato and that in pea. 
it should be mentioned among others t ha t the starch —sugar transformation 
in tlic tuber is resulted by the activity of the starch phosphorylating system 
rather than by that of the amylases, or that above authors examined the 
changes of carbohydrate metabolism exclusively in relation with the germina-
tion inhibition of potato. On the other hand, their discovery of irradiation 
being followed by a sugar accumulation increasing for 60 days is very interesting. 
H O L S T E N ( 1 9 6 5 ) has a similar opinion: namely, that sugar is produced in the 
developing cells as an indirect effect of radiation. 
Literature gives, thus, little information on the radiobiological effect 
of radiation on the process of germination. For the very reason it is necessary 
to examine the correlations between radiation and the dynamics of carbohy-
drate metabolism, for a knowledge of the possible changes may provide valuable 
data on the nature of enzymatic reactions taking place in the course of ger-
mination. 
Material and Method 
T h e p e a va r i e ty I P , w a s used as e x p e r i m e n t a l ma te r i a l . 50 seeds per t r e a t m e n t , pre-
swulleu a t r o o m t e m p e r a t u r e w e r e i r r a d i a t e d b y m e a n s of a CO110 g a m m a r a d i a t i o n a p p a r a t u s 
on t he d a y fo l lowing the w a t e r u p t a k e (doses: 0 . 5 ; 5.0; 10.0: 20.0 K r ) . T h e d u r a t i o n of a t r e a t -
m e n t w as 1 h o u r . O b s e r v a t i o n s concern ing t h e q u a n t i t i e s of t o t a l a n d sugar- l ike c a r b o h y d r a t e s 
were c a r r i e d oil un t i l t he 9 t h d a y a f t e r w a t e r u p t a k e . The c a r b o h y d r a t e c o n t e n t w a s d e t e r m i n e d 
on t h e b a s i s of a phenol : s u l p h u r i c acid colour r e a c t i o n wi th t he " S p e k t r o m o n 3 6 0 " p h o t o m e t e r 
a f t e r B a l á z s (SZALAI— FRENYÓ 1962). D i spe r s ion of t he c a r b o h y d r a t e c o n t e n t of p e a seeds as 
re la ted t o t h e d r y m a t t e r c o n t e n t was + 1 . 5 % . T h e e x p e r i m e n t a l d a t a are m e a n v a l u e s of our 
th ree r e p l i c a t i o n e x p e r i m e n t exp res sed in r e l a t i v e a n d abso lu te p e r c e n t a g e , r e s p e c t i v e l y . 
Results 
The outset of germination is in connection with the water uptake by 
the protoplasma and the increased intensity of metabolic processes (respira-
tion and other metabolic transformations) too. The insoluble polysaccharides, 
fats and protein grains contained in the cotyledon of the seed can be transported 
only in a soluble form to the tissues of the embryo where cell division and 
elongation take place. According to the authors' experiments radiation can 
considerably modify these enzymatic transformation processes (Table 1) 
probably by altering the enzyme synthesis and the intensity of respiration. 
On the day following irradiation the total carbohydrate content of seeds 
seemingly increases parallelly with the increased radiation doses, in contrast 
with the soluble sugars the amount of which decreases by about 25%. A day 
later, on the other hand, the inhibition stops, and under the influence of 
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Table 1 
Effect of radiation on the enzyme decomposition of carbohydrates in pea cotyledons 
Germination (day) 
3 4 6 9 
Treat inent 
Embryo -f cotyledon Cotyledon Cotyledon Cotyledon 
total carbo-
total earbohydr. total earbohydr. total earbohydr. 
sugar cont. 
relative % 
hydrate cont. 
as % of dry 
matter 
sugar rela-
tive % 
as % of 
dry m. "'(-' 
sugar rela-
tive % 
as % of 
dry mat m S 
sugar rela-
tive % 
as % of 
dry matter mg 
Control 100.0 56.4 100.0 52.8 1058.0 100.0 59.2 990.0 100.0 54.4 872.6 
0.5 k r 72.1 59.2 117.2 63.0 1237.0 104.5 50.8 1007.4 106.0 56.4 791.2 
5.0 Kr 75.4 62.0 120.7 57.6 1078.8 97.7 46.4 812.9 93.9 44.0 622.2 
10.0 K r 70.9 62.8 117.6 50.0 929.0 81.8 46.4 861,6 100.0 31.0 499.7 
20.0 Kr 70.9 63.0 110.3 58.0 1108.4 104.5 54.0 967.7 105.5 48.0 736.3 
Mole: values expressed in mg related to 10 seeds 
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Table 2 
Changes in the total carbohydrate content of the seedling following the irradiation of the seed 
4th day 6th day 9th day 
Treatment 
Total carbohydrate content 
in dry matter 
percentage 
mg 
(10 seeds) 
in dry matter 
percentage 
Dig 
(10 seeds) 
in dry matter 
percentage 
mg 
(10 seeds) 
Cotrol 14.0 8.54 20.0 29.40 16.8 46.70 
0.5 K r 17.2 11.18 24.8 35.46 20.0 59.60 
5.0 Kr 17.1 9.74 28.4 32.92 16.0 37.76 
10.0 K r 16.0 9.92 22.4 36.73 16.8 48.38 
20.0 K r 16.0 10.88 25.2 30.99 18.4 46.36 
radiation treatments the soluble sugar percentage of cotyledons exceeds 
that of the control. In the subsequent course of germination no sugar accumu-
lation could be observed. Comparison between the data of Table 1 and 2 shows 
that the most crucial point of germination is on the fifth or sixth day after 
water uptake (Table 2). In this period the total carbohydrate content suddenly 
increases in the control, but as a result of irradiation, this phenomenon is 
even more expressed in the treated plants. In this respect, on the 9th day 
of germination only the 0.5 Kr treatment shows a significant difference as 
compared to the untreated plants. 
Conclusions 
As it is shown by the data published, radiation induces changes in the 
metabolism of the cell, since it results in an apparent increase in the total 
carbohydrate content and a quantitative decrease in the sugar-like carbo-
hydrates, respectively. The differences can probably be explained by an 
inhibition caused by radiation in the decomposing activity of amylases, 
further, by sugar being produced in the cells as the end-product of other 
metabolic processes. This theory is confirmed also by previous observations, 
namely, tha t following the irradiation, simultaneously with a 3 10% increase 
in the carbohydrate content the amount of fats decreases as compared to 
the control (depending on the dosis). 
The different biological effects of the individual radiation doses are 
realized in the alteration of the speed of reaction. Differences are probably 
connected with respiration. In conformity with the literature, on the fifth 
or sixth day of germination the carbohydrate content of seedlings suddenly 
increases, especially in the irradiated plants. If this change is at tr ibuted to 
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a f u r t h e r e n z y m e s y n t h e s i s , w h i c h o n t h e b a s i s o f t h e r a t i o b e t w e e n s t a r c h 
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EFFECT OF FEEDING OF DIFFERENT INTENSITY ON 
GROWTH AND SEXUAL ABILITY OF YOUNG REPLACER 
BULLS 
B y 
J . C z a k ó , G . V e s z e l y 
RESEARCH [ Ч Н Т Ш Г Е FOR ANIMAL HUSBANDRY, D E P A R T M E N T OF CATTLE B R E E D I N G . 
BUDAPEST 
O n e of t h e two g r o u p s w a s fed on t h e l eve l of n u t r i t i o n p r e s c r i b e d b y t h e v a l i d 
s t a n d a r d ( 1 0 0 % ) . the o t h e r w a s given 30% less a m o u n t of n u t r i e n t s . 
B e l y i n g u p o n t he r e s u l t s i t can be s t a t e d t h a t 30 per c e n t r e d u c t i o n in t h e leve l 
of f eed ing b e t w e e n 6 a n d 18 m o n t h s of age r e s u l t e d in 10 per c e n t d i f fe rence in b o d y 
weight . O w i n g t o the poore r n u t r i e n t s u p p l y t h e wider height d e c r e a s e d s i gn i f i c an t l y , 
h u t . t he r e l a t i v e hody m e a s u r e m e n t s proved t o b e m o r e f a v o u r a b l e in t h e e x p e r i m e n t a l 
group. T h e r e d u c t i o n in t h e leve l of feeding h a d n o t effect on t h e r a t e and r h y t h m of 
g rowth , q u a l i t y a n d q u a n t i t y of semen a n d e j a c u l a t i n g ab i l i ty . F o o d convers ion w a s 
be t te r in t h e 70 per cent g r o u p , t h e d i f ferences w e re 20 and 23 p e r c e n t r ega rd ing d i g e s t -
ible p r o t e i n a n d s ta rch e q u i v a l e n t , r e spec t ive lv . 
Introduction 
The influence of nutrition of different intensity on the organism of 
young bulls got into the centre of interest in connection with the aim of 
longevity. The useful time of a breeding sire is relatively short, the extension 
of which especially since breeding selection on basis of progeny testing 
becomes general in countries having high level animal husbandry — is then 
an important task. Ever since HANSSOrvs experiments (1954) drew the atten-
tion to the fact t ha t the feeding of different intensity had a beneficial effect 
on longevity and milk yield, while the sexual functions of animals fed in such 
a maimer were also normal in every respect, the feeding of replacement hulls 
in rearing period has been investigated for the sake of lengthening of the 
useful time. 
In Hungary, the feeding of young hulls in hull rearing state farms is 
predominantly aboundant. This plentiful feeding is supported also by the 
new standards being in force. 
The mean age of bulls at the artificial inseminating stations is about 
0 years. There is no doubt tha t feeding technique plays — during the rearing 
period — an important role in this short longevity of sires. Consequently, 
the reasonable nutrition of young replacement hulls is an essential problem 
in cattle breeding, especially now when the determination of the breeding 
value of a bull by performance test takes relatively long time. 
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The problem is common hence the reasonable feeding of young bulls 
is virtually investigated all over the world. First of all it is the effect of feeding 
with different intensity tha t comes into prominence ( B A N E 1 9 5 4 , F L I P S E 
A L M Q U I S T 1 9 6 1 , S M E R H A Z E I S B E R G E R 1 9 6 2 ) . 
As far as sexual function is concerned, moderate feeding has no influence 
in general on the quality and quantity of the semen. B O N N I E R H A N S S O N — 
S K J E R V O L D ( 1 9 4 8 ) , F U L K A P A V L O K ( 1 9 6 2 ) , D E N M A R K — M A N G E R ( 1 9 6 4 ) . 
K O R D S — H I L D E B R A N D T ( 1 9 5 8 ) reported tha t moderate feeding did not affect 
conception. 
The effect of moderate feeding of young bulls intended for breeding 
purposes the beneficial effect of which on longevity is well known from 
literature or rather on the hasis of foreign investigations has been investi-
gated not for the sake of feed saving. 
We aimed at making clear that how Hungarian Red and White male 
replacement calves originating from bull-rearing (peak) cows react to less 
than usual feeding or rather, how physiologically more reasonable, moderate 
feeding could be practized under Hungarian conditions. We did so because 
the establishments on the intensity of nutrition obtained with other breeds, 
feeds, under unlike environmental conditions cannot be adopted without 
any alteration. 
Table 1 
Actual feed and nutrient intake of breeding bulls fed on different level 
Groups 
Concen- Dry slices Wet sliees Green 
Silage 
_ 
Period trates Hay of turnips of turnips fodder 
F r o m 7 t o 12 A 452.15 379.49 111.18 33.71 161.47 1414.51 
m o n t h s 
в 269.15 265.58 43.54 38.25 137.38 1124.57 
F r o m 13 to 18 A 541.62 320.74 59.37 146.63 2533.07 917.32 
m o n t h s 
В 376.59 237.62 31.81 53.30 1595.00 953.86 
F r o m 7 to 18 A 993.77 700 .23 170.55 180.34 2694.54 2331.83 
m o n t h s 
В 645.74 503.20 75.34 91.55 1832.38 2078.43 
Starch equivalent consumption 
Group difference 
kg t 
А —В f r o m b e g i n n i n g 
t o 18 m o n t h s ' age 448.31 9.91 
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Material and Method 
I n 1962—1965 exper iments were conducted a t N y é k l á d h á z a bull r e a r i ng f a r m belonging 
t o t h e Board of Bor sod -coun ty S ta te F a r m s in order to v e r i f y , how 30 per c e n t reduct ion of t he 
n u t r i e n t s tandard c o m m o n l y used a t bul l rearing f a r m s af fec ted the g r o w t h of replacement 
y o u n g bulls. 
The 4—5 m o n t h s old male calves or iginat ing f r o m bul l - rear ing (peak) cows h a d r andomly 
b e e n allotted into t w o groups. These t w o groups were f e d on the same level of nut r i t ion till 
6 m o n t h s of age (so-cal led fore-exper iment ) . From 6 m o n t h s of age onwards t h e group A was 
g iven the nu t r ien t s u p p l y prescribed b y t h e s tandard r e c o m m e n d e d for bu l l rear ing (100 per 
c e n t group). To cover th i s demand t h e feeding technique of Bábolna S ta te F a r m (one of bull-
r e a r i n g farms) was a d o p t e d . The g roup В got only 70 per c e n t of nut r ients o f f e r ed to group A, 
t h u s i t received a m o d e r a t e nu t r ien t s u p p l y . The tr ial was conducted to 18 m o n t h s ' age. The 
g r o u p A consisted of 23, while group В inc luded 24 young bulls . On account of T B C infection, 
ac t inomycosis and f r a c t u r e of leg, 10 y o u n g bulls had t o be excluded f r o m t h e exper imenta l 
g roups . Breeding se lect ion had not b e e n made . The e x p e r i m e n t a l da ta col lected refer to 19 
y o u n g bulls of g roup A a n d 18 of g r o u p B. 
Feed intake and feed conversion. F e e d and nu t r i en t i n t a k e as well as s t a r c h equivalent 
a n d digestible p ro te in use u p per 1 k g ga in of weight of t h e groups reared o n va r ious nu t r i en t 
level are summar ized in Table 1 f r o m 7 t o 12 and f rom 13 to 18 mon ths of age as well as 
s u m m e d u p referring t o t h e whole of t h e exper iment ( f r o m 7 to 18 months of age). 
I n comparison t o group A the f eed conversion r a t e s of group В were 21.9 per cent and 
24.7 pe r cent more advan tageous r e fe r r ing t o starch e q u i v a l e n t and digest ible protein, re-
spec t ive ly . This d i f fe rence was highly s igni f icant a t a level of probabi l i ty of 0.001. There lias 
been a dist inct cor re la t ion between s t a r c h equivalent i n t a k e and total gain as well as s tarch 
e q u i v a l e n t using u p p e r 1 kg gain of we igh t and average da i ly gain. The cor re la t ion is closer 
in g r o u p В than in g r o u p A, which also ver i f ies the be t te r f eed conversion of g r o u p В (Table 2). 
Feed utilization. Uti l ization v a l u e s calculated f r o m t h e composit ion d a t a of various 
feed in takes and faeces excretions are s u m m e d u p in Tab le 3. T h e differences in coefficients of 
of nutrition in kg, and group В expressed in per cent of group A 
Intake per bull Use up per 1 kg gain 
s t a r c h equivalent digestible p r o t e i n s ta rch equ iva len t digest ible protein 
kg % kg % kg 1 % k g % 
6 6 8 . 6 3 1 0 0 . 0 1 0 7 . 6 2 1 0 0 . 0 3 . 0 8 1 0 0 . 0 0 . 5 0 1 0 0 . 0 
4 4 6 . 4 0 6 6 . 8 7 0 . 3 2 6 5 . 3 2 . 4 5 7 9 . 8 0 . 3 9 7 8 . 0 
8 4 8 . 5 5 1 0 0 . 0 1 3 1 . 3 9 1 0 0 . 0 4 . 6 7 1 0 0 . 0 0 . 7 2 1 0 0 . 0 
6 2 2 . 4 7 7 3 . 3 9 1 . 9 8 7 0 . 0 3 . 5 0 7 5 . 0 0 . 5 2 7 1 . 5 
1 5 1 7 . 1 8 1 0 0 . 0 2 3 9 . 1 1 1 0 0 . 0 3 . 8 0 1 0 0 . 0 0 . 6 0 1 0 0 . 0 
1 0 6 8 . 8 7 7 0 . 4 1 6 2 . 3 0 6 7 . 9 2 . 9 7 7 8 . 1 0 . 5 1 7 5 . 3 
Starch equivalent using up per 1 kg gain 
P % k g t 
0 . 8 3 2 7 . 0 2 < g o . i 
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Table 2 
Relationships of nutrient efficiency 
Relationship 
Group A Group В 
г 
t p% г t p% 
Tota l s t a r c h equivalent 
usiug u p to ta l gain 0.63 3.29 < i 0.77 4.77 <0 .1 
S t a r c h equiva len t per 1 kg 
gain, ave rage daily gain -0.79 5.33 < 0 . 1 -0.95 12.26 < 0 . 1 
Table 3 
Feed efficiency calculated on basis of composition of feed stuff und faeces of groups fed on carious 
level of nutrition 
Age. month Group Number 
Dry 
Matter 
Organic 
matter 
Crude 
protein 
Crude 
fat 
Crude 
fibre 
Nitrogen 
free 
extracts 
Ash 
18 m o n t h s A (100%) 4 ' 70.73 73.47 64.82 8 1.26 68.55 76.19 36.22 
18 В ( 7 0 % ) 5 68.66 71.13 65.63 80.21 61.94 75.17 34.43 
15 " A (100%) 3 71.65 75.06 65.83 74.36 67.69 79.16 30.73 
15 " В ( 7 0 % ) 3 65.59 68.62 60.55 69.19 58.75 74.05 20.05 
12 A (100%) 4 72.15 74.32 67.98 84.00 68.61 76.79 47.75 
12 В ( 7 0 % ) 4 66.79 69.35 62.57 81.09 62.29 72.56 35.66 
9 A (100%) 5 73.06 75.74 68.31 76.76 68.06 79.06 36.37 
9 " В ( 7 0 % ) 5 66.07 69.37 61.37 71.07 59.48 73.78 19.73 
u t i l i za t ion of dry m a t t e r , c rude protein a n d c rude fibre are s ign i f i can t between 9 a n d 12 m o n t h - ' 
measu re s . The 15 and 18 m o n t h s ' da ta r e f e r r ing to the s a m e an ima l s do not show stat ist ically 
s ign i f i can t differences. 
Body weight and gain of weight. T h e r e was only a b o u t 10 per cent d i f fe rence in average 
b o d y weight of young hul ls fed on va r ious levels of nu t r i t i on (Table 4). The g r o u p В (70 per 
c e n t g roup) was b a c k w a r d in body weight w i t h round 10 pe r cen t a t ages of 9 a n d 18 months , 
in compar i son to g roup A. Though the in i t i a l weights of g roups were not the s a m e at the begin-
n ing of exper iment , t h e y d id not show s ign i f ican t difference. A t 9 months of age t h e difference 
is s t i l l s ignificant for t h e good of group A. T h e average dai ly g a i n of group A showed a decreas-
ing t e n d e n c y . The r e l a t i ve growth in b o d y we igh t was p rac t i ca l ly the same in e a c h group, since 
g r o u p A reached 159.9 pe r cent and g r o u p В 163.9 per c e n t re la t ive g rowth . The re were no 
e s sen t i a l differences in a n y of the i nd iv idua l periods, as r e l a t i ve growth of g r o u p A was 22.8 
per c e n t and t h a t of g r o u p В 22.3 per c e n t between 9 and 12 m o n t h s of age. These values be-
t w e e n 15 and 18 m o n t h s of age were 14.4 a n d 15.6 per cen t , respectively, in g roups A and 11. 
The s i tuat ion is a l tered if the so-called performance-coeff ic ient r e fe r r ing to body 
w e i g h t and starch e q u i v a l e n t use up was calculated by B r o d y ' s modified f o r m u l a . According 
to d a t a of Table 5 t h e per fo rmance-coef f ic ien t based upon b o d y weight a n d s t a r c h equiva-
l e n t in take of young bul ls of group В f e d on reduced level of nut r i t ion were 16 — 33 per cent 
b e t t e r t h a n t h a t of y o u n g bulls of g r o u p A. 
Considering t h a t the exper iment was conducted t h r o u g h o u t several yea r s and t h a t 
y o u n g bulls had no t b e e n drawn into e x p e r i m e n t at t he s a m e t ime, inves t iga t ions were con-
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Table 1 
Body weight and gain of weight of bidl groups fed on various level of nutrition 
B o d y weight, kg Average daily gain, g 
A в group В in 
per cent of 
group A 
A 1! group В in 
per cent of 
group A group 
— 
group 
Initial 268.2 243.8 — 
At 9 months of age 301.1 268.7 89.2 1336 889 66.5 
A t 12 months of age 408.9 362.1 88.6 1228 926 81.3 
A t 15 months of age 509.5 452.1 88.7 1069 1016 95.5 
At 18 months of age 590.7 539.9 91.4 928 975 96.5 
From the beginning to 12 months of age 1248 926 81.3 
From 12 to 18 m o n t h s of age 
-
999 964 96.5 
From the beginning to 18 months of age 
— 
1088 981 90.2 
i lucted to make clear if years a n d seasons essentially af fec ted gain of we igh t of young bul ls 
kep t on var ious levels of nu t r i t ion . 
By three t e r m s analysis of va r i ance it was es tab l i shed t h a t y e a r s and seasons were 
no t essential sources of variance of t h e average da i ly gain but be tween groups, v a r i a t i o n 
in gain of weight was significant o n level of p robab i l i ty of 0.05. 
Body measurements. In the course of processing t h e exper imental d a t a i t was inves t iga ted 
whe ther the f eed ing of d i f ferent in tens i ty of t h e sires had greater inf luence oil t he m a i n 
Table 5 
Performance coefficient 
(group В in per cent of group A) 
Group A Group В 
Period performance 
coefficient 0/ /О 
performance 
coefficient % 
F r o m the beginning to 12 months 17.4 100 20.2 116.09 
F r o m 12 to 18 m o n t h s 11.4 100 15.2 133.33 
Front the beginning to 18 months 13.4 100 16.9 126.12 
Brody ' s modified fo rmu la for the calculat ion of pe r fo rmance = 
gain of we igh t , kg • 2000 cal 
starch equ iva len t intake, k g • 3760 eal 
b o d y measu remen t s . Taking half -s ib g roups for hasis of invest igat ions we found (Table 6) 
t h a t the feeding of d i f fe ren t i n t e n s i t y was more i n f luen t i a l (not s igni f icant ly) on height of 
w i the r s than the sires. On the c o n t r a r y , oil heart g i r t h a n d t runk l e n g t h i t was the t y p e of 
sires t h a t had g r e a t e r effect than t h e feeding of d i f f e ren t in tens i ty . The i n t e r group va r i a t ions 
were significant on level of p robabi l i ty of 0.01. 
Semen quantity and quality. I n s t udy ing the e f f ec t s of feeding of d i f f e r e n t in tensi ty t h e 
m o s t decisive a spec t is to know how hul l s are willing t o e jacu la te and w h a t is t he qual i ty a n d 
q u a n t i t y of the f i r s t e jaculate . 
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Table 6 
Estimation of the effect of feeding of different intensity and the effect of sires on height of withers, 
trunk length and heart girth by analysis of variance 
Variance FG SQ MQ F 
H e i g h t of w i t h e r s between g roup 
A and В 1 36.03 36.03 2.11 
within sires 4 68.33 17.08 1.52 
rest 11 123.17 11.20 
Tota l 16 227.53 
T r u n k length between group A and В 1 91.68 91.68 0.14 
within sires 4 2138 44 634.61 11.11 
rest 11 628.00 57.10 
Total 16 2858.12 
Hea r t gir th be tween group A and В 1 138.01 138.01 0.70 
within sires 4 789.38 197.34 8.21 
rest 11 264.50 24.04 
Total 16 1191.89 
The e jacu la t ing abi l i ty was pract ical ly t h e same in bo th of t h e groups. A l t h o u g h we 
endeavoured t o get semen f r o m t h e bulls a t 11 m o n t h s of age, t h e f i r s t e jaculat ion succeeded 
only a t 13 m o n t h s of age in each group. In T a b l e 7 the da ta of s e m e n classification a r e sum-
marized. Accord ing to the va lue s in t roduced t h e average q u a n t i t y of semen p r o d u c e d was 
3.34 em 3 in g r o u p В (70 per c e n t group) and 2.48 c m 3 in group A (100 p e r cent group). A l t h o u g h 
the hulls f ed on reduced level of nu t r i t ion p r o d u c e d larger q u a n t i t y of semen this d i f fe rence 
was not s ign i f ican t . I t appears f r o m Table 7 t h a t t h e qual if icat ion of t h e semen col lected f rom 
bulls of g roup В is generally b e t t e r (mass mo t ion , dens i ty , di lut ion r a t e ) , bu t these d i f ferences 
were no t s ign i f ican t in any case. 
Table 7 
Judgement of semen at the ages of 13—14, 15—16 and 17—18 months 
Group A Group В 
microscopical 
percental 
scoring 
after 
dilution 
microscopial 
percental 
scoring 
after 
dilution 
Age quantity 
of semen mass I 
movement density 
1 
quantity 
of semen 
mass 
move-
ment 
density 
1 3 - 14 m o n t h s 2.48 
I 
3.19 3.00 48.1 3.34 3.72 3.16 52.0 
1 5 - 16 m o n t h s 3.77 3.44 3.36 50.8 3.83 3.05 3.28 40.4 
1 7 - 18 m o n t h s 4.25 3.44 3.19 53.6 3.86 3.43 4.00 57.1 
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Results 
Feed conversion ra te in the group fed on 30 per cent reduced level of 
nutrition — in full agreement with expectations — was more advantageous. 
The difference in digestible protein was 20 per cent and in starch equivalent 
25 per cent. Relying upon informatory data of feed efficiency trials it appears 
that the utilization of the nutrients offered to young animals is relatively 
worse. Presumably this can he at tr ibuted to the fac t that the amount ol 
feeds rich in crude fibre per unit of live weight is relatively larger. At an age 
of 15 —18 months such differences do not exist any more. Although the utili-
zation of nutrients is slightly diminished in the 70 per cent group bu t simul-
taneously their resorption and infiltration into the organism are more favour-
able in comparison to the 100 per cent group. 
The reasonable explanation of be t te r feed conversion may be tha t the 
composition of body tissues of young bulls fed on various levels of nutri t ion 
are disparate. This is supported by an earlier paper of C Z A K Ó — N A G Y — G U B A 
(1962), who reported t h a t with reduction in amount of nutrient offered the 
proportion of fallow decreased with 17 per cent, too, as compared to the 
control ones. 
Moderate feeding — according to expectations decreased the gain 
of weight. The difference in body weights of the two groups was about 
10 per cent. Although this difference was statistically significant, this 
backward in body weight could not be harmful from biological point of view, 
especially if this was related to body measurements. 
We found that the feeding with lower intensity applied in our experi-
ment had influence only on height of the withers. The development of any 
other main body measurements (trunk lenght, heart girth) up to 18 months 
of age primarily depends on genotypic aptitudes and is less influenced by 
feeding. From these findings the conclusion can be drawn that a 30 per cent 
reduction of the presently applied feeding standards is beneficial to the for-
mation of a desirable type of cattle, since the height of withers can thus be 
lowered without any decrease in trunk lenght and heart girth. 
The rate of body development was not affected either in this experiment 
by feeding of different intensity. Also this finding is in good agreement with 
the results of the earlier report of C Z A K Ó - N A G Y — G U B A (1962), according 
to which there have been no significant differences in coefficients of growth 
of groups on various levels of nutrition. 
There have been no significant differences either in the ejaculating 
ability, quant i ty and quali ty of the semen between the two groups. This 
distinctly referred to the fact that the function of adventitious gonads 
was not diminished which can exclude the hypothesis ( M A N N — W A L T O N 
1953) according to which in maintaining the spermatozoa concentration ol 
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the semen, the animals decompose the matters that contain protein of their 
organism. 
The reduced level of nutrit ion was not influential on the quality of 
semen. Semen production and spermatozoa concentration were independent 
of feeding which reveals that here inherited factors were prevailing. 
Conclusions 
Summing up our results it can be s tated that a 30 per cent reduction 
in nutrient standards prescribed for bull rearing farms is beneficial from 6 to 
18 months of age. On this moderate level of nutrition the weight of young 
hulls is about 50 60 kg less at 18 months of age, still reaching the desired 
development, body conformation and muscularity as compared to the standards 
of the breed. Semen production and ejaculating aptitude have not been affect-
ed by the reduced level of nutrition. Relying upon literary reports the useful 
time of Sires fed this way is presumably prolonged which is desired especially 
in consideration of progeny testing. 
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ONTOGENETICAL STUDIES ON THE GROWTH 
OF SOME RYEGRASS VARIETIES 
IN COMPARISON WITH BARLEY 
By 
M . E L - K A D I , A . R A A F A T , S . H . E L - G H A Y A T Y 
DEPARTMENT OF AGRICULTURAL BOTANY, FACULTY O F AGRICULTURE, A I N SHAMS UN1VEHS1 I T . 
AIN SHAMS: DEPARTMENT OF P L A N T PRODUCTION, 
FACULTY OF AGRICULTURE AZIIAR UNIVERSITY, A Z H A R 
T h e b a r l e y p l an t r e c o r d e d i t s m a x i m u m he igh t 101 d a y s a f t e r sowing w h e r e 
ryegrasses w e r e only a t a b o u t 1/3 1 2 of t h e i r fu l l height . B a r l e y exceeded g r e a t l y 
ryegrasses i n t h e leaf a rea u p t o 101 days a f t e r sowing. M a x i m u m n u m b e r of l e a v e s , 
tillers a n d leaf a r e a were r e c o r d e d on b a r l e y ear l ier t h a n on ryegrasses , whi le t h e 
m a x i m u m n u m b e r of til lers on ryegrasses w a s h i g h e r t h a n t h a t of b a r l e y . Bar ley f l o w e r s 
8—10 w e e k s ear l ier t h a n t h e r y e g r a s s v a r i e t i e s . T h e dry w e i g h t of the ba r l ey p l a n t 
as well as i t s c o m p a r e n t p a r t s exceeded g r e a t l y t h e ryegrasses u p to 101—111 d a y s , 
while r y e g r a s s var ie t ies s h o w e d the i r m a x i m u m va lues l a t e r i n the season, w h e n 
W e s t e r w o l d s a n d Te t rone v a r i e t i e s exceeded t h e Norma l v a r i e t y . T h e m a x i m u m d r y 
weight of r y e g r a s s p l an t s w a s o b t a i n e d a t t he s a m e da t e of m a x i m u m tillering w i t h t h e 
excep t ion of t h e W e s t e r w o l d s v a r i e t y . 
Introduction 
Ryegrass is one of the most important forage crops known abroad and 
has recently been introduced to U.A.R. On the other hand, barley is usually 
cultivated in U.A.R. for grain production and is grown by some farmers in 
association with berseem to prevent or minimize the danger of bloat. These 
1 wo kinds of grasses are used as forage crops either alone or mixed with legumes. 
N O R M A N ( 1 9 3 3 ) found that the average height of, barley plant increased 
continuously to reach a maximum 91 days af ter sowing. The number of tillers 
increased to reach a maximum 10 weeks after sowing, then tended to decrease. 
He added that the dry weight gave a sygmoid curve with a point of inflection 
between 91 and 98 days after sowing coinciding with the period of the greatest 
increase. 
S O T O L A ( 1 9 3 7 ) reported tha t the height of Hasford barley continued to 
increase until it reached a maximum 7 6 days after sowing. K A M E L ( 1 9 5 9 ) 
found that the Heine 4804 barley variety was increased rapidly in length in 
the early stages of development, then less rapidly until it came to a stand-
still. He noted tha t the internodes increased progressively in length and in 
number as the plants advanced in age. The shoot and green leaf number 
increased with age till a maximum, then decreased. The dry weight of roots, 
stems and leaves increased with age reaching a maximum, then decreased. 
On the other hand, the dry weight of spikes continued to increase till the end 
of the season. 
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E L - M O U R S I et al. ( 1 9 6 3 ) concluded tha t the height of Westerwalds rye-
grass plant increased steadily till 128 days after sowing, thereafter no con-
siderable changes were recorded till the end of the experiment. The tiller and 
leaf number as well as the leaf area recorded two peaks 100 —107 and 135 — 
1 4 2 days af ter sowing. R A A F A T et al. ( 1 9 6 3 ) found that the dry weight of the 
stems and leaves of the same variety increased slowly in the establishment 
period up to 79 days after sowing, then recorded two peaks 107 and 142 days 
after sowing followed by a decline till the end of the season. 
The aim of the present work is to s tudy the seasonal changes in growth 
of some ryegrass varieties in comparison with barley. 
Material and Method 
T h e p r e s e n t work lias b e e n carr ied o u t i n t h e Facu l t y of Agr icu l tu re , A i n S h a m s 
U n i v e r s i t y , U . A . K , and inc ludes t h e s tudy of t h r e e ryegrass v a r i e t i e s namely : Lolium multi-
florum L a m . v a r . no rma l , T e t r o n e and W e s t e r w o l d i c u m . The seeds of t h e f i r s t t w o v a r i e t i e s 
( I t a l i a n r y e g r a s s e s ) were o b t a i n e d f r o m the G e n e r a l E g y p t i a n O r g a n i z a t i o n for L a n d Se t t l e -
m e n t , whi le s eeds of t he l a t t e r w e r e ob t a ined b y Goldsmi th B r o s . L t d . Suf fo lk , E n g l a n d . 
The ba r l ey v a r i e t y used was Hordeum vulgare L . , v a r i e t y Baladi 16 a n d i t s seeds were o b t a i n e d 
f r o m the M i n i s t r y of A g r i c u l t u r e , E g y p t . 
T h e e x p e r i m e n t cons i s t ed of 120 po t s e a c h con ta in ing 5 k g c l a y loamy soil. S e e d s of 
each v a r i e t y w e r e sown on D e c e m b e r 5, 1963 in t h i r t y pots u s i n g t h e no rma l r a t e of sowing 
(12 k g / f e d d a n f o r ryegrasses a n d 60 k g / f e d d a n f o r ba r l ey ) . F e r t i l i z a t i o n was m a d e f o r a l l po t s 
on Dec. 3 0 t h a t t h e n o r m a l r a t e (150 k g / f e d d a n f o r each of c a l c i u m n i t ra te 1 5 . 5 % 14 and 
ca lc ium s u p e r p h o s p h a t e 1 6 % P 2 0 5 ) and p l a n t s w e r e i r r iga ted w h e n e v e r needed. 
S a m p l e s were t a k e n pe r iod i ca l l y every 15 d a y s beginning o n J a n . 30, 1964. F o r each 
sample , t w o p o t s were t a k e n a t r a n d o m f r o m e a c h g roup and d a t a of p lan t h e i g h t , n u m b e r 
of t i l lers, l e a v e s a n d spikes a s wel l as leaf a r e a were d e t e r m i n e d . Moreover , p l a n t s of each 
sample were s e p a r a t e d i n t o r o o t s , s tems ( s t e m s -f- sheats) , l e a v e s (b lades) and s p i k e s when 
they were a v a i l a b l e . Af t e r f r e s h weight d e t e r m i n a t i o n , p l an t p a r t s were dried a t 70 °C for 
48 hours t o o b t a i n the c r u d e d r y weight . 
Results 
Data concerning the seasonal changes in plant height, number of tillers, 
spikes and leaves as well as leaf area of barley and ryegrass varieties are pre-
sented in Table 1. 
a) Plant height. I t is clear from the data that barley plants continued 
to increase in height to reach a maximum 101 days after sowing, then tended 
to be stable till the end of the experiment. The ryegrass varieties generally 
showed a continuous increase towards the end of the experiment. Results of 
like characters were obtained by K A M A L ( 1 9 5 9 ) with barley and E L - M O U R S I 
et al. ( 1 9 6 3 ) with Westerwolds ryegrass. 
The barley plant recorded its maximum height 101 days after sowing 
where ryegrass varieties were still only at about 1/3— 1/.2 of their full height. 
At this stage, the barley plant recorded 71.2 cm against 18.6, 23.3 and 32.4 cm 
for Normal, Westerwolds and Tetrone varieties respectively. I t could he 
noticed t ha t the variety Normal showed the lowest values of plant height 
throughout the whole season and the barley plant ended its life two months 
prior to the ryegrass plants. 
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Table 1 
Seasonal changes in plant height (cm), number of tillers, spikes and leaves and leaf area 
(cm") of barley and ryegrass varieties 
Sample 2 3 4 5 
Plant he ight 34.8 51.0 69.4 71.2 65.6 
No. of t i l lers 3.7 5.2 5 .1 8.2 5.4 
Barley No. of spikes - — 2.7 3.8 5.4 
No. of leaves 10.1 19.4 22.8 31.8 19.7 
Leaf area 93.2 240.7 227.8 313.4 133.1 
Plant height 16.2 14.4 25.6 32.4 32.9 
No. of tillers 3.5 3.7 7.4 6.1 5.8 
Tetrone No. of spikes — — — — — 
No. of leaves 6.6 5.2 15.3 14.3 12.6 
Leaf area 14.4 12.0 72 .5 74.4 46.9 
Plant height 15.3 16.7 25.9 23.3 30.6 
No. of t i l lers 5.4 4.0 7 .1 5.7 8.5 
Westerwolds No. of spikes — — — 
No. of leaves 9.7 7.4 15.3 13.7 18.2 
Leaf area 14.3 15.8 76.7 51.7 91.9 
Plant height 14.1 12.0 13.2 18.6 19.4 
No. of t i l lers 6.7 3.6 5.7 6.7 6.6 
Normal No. of spikes — — — — — 
No. of leaves 13.4 7.3 12.9 14.1 13.9 
Leaf area 22.7 10.2 26.1 48.7 40.8 
Sample 6 8 
1 
9 10 
Plant height 67.9 
No. of tillers 4.8 ' — — • — — • 
Barley No. of spikes 5.4 — — — — 
No. of leaves 8.5 — — — — 
Leaf area 55.5 • — — — 
Plant height 34.4 38.3 58.7 69.4 74.0 
No. of tillers 6.5 6.9 13.2 5.9 4.8 
Tet rone No. of spikes — — 3.1 1.6 1.5 
No. of leaves 14.5 15.4 27.6 11.9 5.5 
Leaf area 99.7 158.2 223.2 107.5 25.2 
P lan t height 39.8 54.7 82.9 84.0 86.9 
No. of tillers 9.5 8.0 8.7 5.6 4.3 
Westerwolds No. of spikes 2.3 4.9 2.6 2.6 
No. of leaves 22.8 21.6 19.3 12.1 
Leaf area 161.4 160.8 129.2 57.2 — 
Plan t height 19.7 23.1 39.6 42.8 57.7 
No. of tillers 5.0 5.3 9 .8 6.1 5.8 
Normal No. of spikes — — 0.6 1.0 1.6 
No. of leaves 10.9 11.0 20.9 12.0 7.7 
Leaf area 30.1 38.8 115.9 54.4 23.1 
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I») Number of tillers. The «lata show tha t the number of tillers in all 
varieties studied continued to increase to reach a maximum, then decreased 
till the end of the season. This decrease could he mainly due to the increase 
in the rate of tiller death as the plants reached maturity. A similar trend was 
obtained by K A M E L ( 1 9 5 9 ) with barley and E L - M O U R S I et al. ( 1 9 6 3 ) with 
Westerwolds ryegrass. The da ta showed tha t the barley p lant recorded its 
maximum number of tillers earlier than the ryegrass varieties, although the 
let ters «exceeded the formers in this number. Maximum numbers obtained 
were 8.2, 13.2, 9.8 and 9.5 tillers per plant for barley, Tetrone, Normal and 
Westerwolds varieties respectively. It could be seen also tha t Westerwolds 
variety gave its maximum tiller number about one month earlier than the 
other two varieties. These results might bear some economical importance in 
using these varieties as green forage crops. 
c) Number of spikes. I t is clear from the data tha t the barley plant 
started flowering nearly 8 weeks earlier than Westerwolds ryegrass variety and 
10 weeks earlier than the other two ryegrass varieties. The highest number 
J Г> о 
of spikes was recorded on barley as the maximum values obtained were 5.4. 
4.9, 3.1 and 1.6 spikes per p lant for barley. Westerwolds, Tetrone and Normal 
varieties respectively. It is also clear that these maximum numbers were 
reached at the same date of t ha t of maximum tiller production in Tetrone. 
while it was 15 days later in barley and 30 days later for Westerwolds and 
Normal ryegrass varieties. 
The drop noticed in the number of spikes of the Westerwolds and Tetrone 
varieties of later stages of growth might be due to the breaking off and loss 
e o n о 
of some spikes as the plants approached the fend of their life cycle. This might 
b<> due to the increase in plant height noticed in these t\«o varieties in com-
parison with the Normal variet\ which was the shortest and seemed to be the 
more tolerant t o spikes break. 
• I) Number of leaves. The changes in the number of leaves per plant in 
the different varieties followed closely the changes in tiller number. EL-
M O U R S I et al. ( 1 9 6 3 ) found that the number of leaves of the uncut Westerwolds 
ryegrass showed a similar trend to that of tiller number. K A M E L ( 1 9 5 9 ) , obtain-
ing similar results with barley, concluded that the increase in green leaf number 
I - J ~ 
per plant observed at the early stages of growth is due primarily to an increase 
in shoot number per plant and not to an increase in leaf number per shoot. 
e) Leaf area. It could be indicated t ha t the leaf area of the different 
varieties showed a similar t rend to that of leaf number. Such result is in agréé-es 
ment with that obtained by E L - M O U R S I et al. ( 1 9 6 3 ) on Westerwolds ryegrass. 
It is worthy to note t h a t the leaf area of barley exceeded greatly that of 
ryegrass varieties during the early stages of growth up to 101 «lays after sowing. 
This might bear some inmpor tance in usingthese varieties for forage production. 
f) Dry weight. The seasonal changes in the dry weight of root stems, 
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l e a v e s , s p i k e s a n d t h e w h o l e p l a n t of b a r l e y a n d r y e g r a s s v a r i e t i e s a r e i l l u s t r a t -
e d g r a p h i c a l l y i n F i g s 1 a n d 2 . 
Roots. T h e d r y w e i g h t o f r o o t s o f b a r l e y p l a n t c o n t i n u e d t o i n c r e a s e t o 
r e a c h a m a x i m u m 116 d a y s a f t e r s o w i n g , t h e n s h o w e d a d e c r e a s e t i l l t h e e n d 
Spikes 
/ 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
Samples 
Fig. I. Seasonal changes in <lry weight of the d i f fe ren t parts of b a r l e y and ryegrass p l an t s 
(— . • — Barley, . . . . Te t rone , - - - - Westerwolds, Normal) 
2 3 4 5 6 7 8 9 10 
Samples 
Fig. 2. Seasonal changes in the t o t a l dry weight of barley and ryeg ra s s plants ( 
Barley, . . . . Te t rone , Wes te rwold , Norma l ) 
Acta Agronomica Academiae. Scientiarum Hungaricae 20 1971 
1 4 2 M. EL-KADI er al . 
of the experiment. This decrease could be mainly due to the maturing and 
dying off in the most absorbing roots, connected with top senescence. Similar 
results were obtained by K A M E L ( 1 9 5 9 ) . As for ryegrass varieties, Westerwolds 
and Tetrone showed nearly the same t rend with the exception of a slight 
increase noticed at the last sample. On the other hand Normal variety showed 
nearly a continuous increase reaching its maximum at the end of the experi-
ment. 
It is clear that the dry weight of barley roots exceeded that of ryegrass 
varieties at the first samples. On the other hand, the latters showed their 
maximum dry weight of roots later at a time where barley plant ended its 
growth cycle, recording higher values than that obtained by barley. Com-
paring the three ryegrass varieties, it could be noticed that Westerwolds 
exceeded greatly the other two varieties in the dry weight of roots recording 
the highest maximum dry weight followed by Tetrone then the Normal variety. 
Stems. The increase noticed in the dry weight of stems of different varie-
ties at the f i rs t stages of growth might be due to the continuous accumulation 
of dry mat ter as these organs grew and increased in number. On the other 
hand, the decrease noticed at later stages might be at tr ibuted to the trans-
location of metabolites to the developing spikes as well as the death of some 
tillers as the plant approached the end of its life cycle. Similar trend was 
obtained by K A M E L ( 1 9 5 9 ) with barley. R A A F A T et al. ( 1 9 6 3 ) found tha t the 
dry weight of stems of the uncut Westerwolds ryegrass increased during the 
first stages of growth and decreased during the later ones, recording two peaks 
107 and 142 days after sowing. 
It could be noticed t h a t the maximum dry weight of shoots of all varieties 
was obtained at the same dates of maximum tillering with the exception of 
Westerwolds which had it one month later. 
I t is interesting to note that the dry weight of barley stems exceeded 
greatly those of ryegrass varieties in their first stages of growth till 131 days 
after sowing. After this stage, the barley plant ended its life while the ryegrass 
varieties continued to increase to give their maxima later in the season. In this 
respect, Westerwolds recorded the highest value, followed by Tetrone then 
Normal varieties. 
Leaves. The dry weight of leaves of barley and ryegrass varieties showed 
a similar t rend to that obtained by stems. Maximum values recorded were far 
below those of stems. Similar results were obtained by K A M E L ( 1 9 5 9 ) with 
barley. In this connection R A A F A T et al. ( 1 9 6 3 ) found tha t the dry weight 
of Westerwolds ryegrass leaves increased during the f i rs t stages of growth, 
then decreased during later stage recording two peaks 107 and 142 days after 
sowing. 
The results of the dry weight of leaves could he discussed similarly to 
that of stems. In this respect, A Y E R S ( 1 9 3 6 ) found that the dry matter of dead 
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cane leaves contained much lower concentrations of nutrients t han that of 
green leaves. He concluded that these nutrients migrated from leaves to stalks 
before the leaves became physiologically inactive. 
I t is worth noting that the dry weight of barley leaves exceeded greatly 
that of ryegrass varieties up to 101 days after sowing following the results 
of leaf number and leaf area. Westerwolds and Tetrone varieties exceeded the 
Normal variety in the dry weight of leaves nearly throughout the whole 
season. These results might have some importance in using these varieties for 
forage production. 
Spikes. The dry weight of barley spikes increased rapidly recording its 
maximum value at the end of the experiment. Similar results were obtained 
b y K A M E L ( 1 9 5 9 ) . 
As for ryegrass, the highest value was given by Westerwolds followed 
by Tetrone, then Normal varieties. 
I t is well known that , by the time of flowering and during seed develop-
ment, reserved food materials in the leaves and stems are driven towards the 
spikes where they are mainly used by the developing seeds. This might con-
tribute much to the increase noticed in the dry weight of the spikes as they 
grew and increased in number. The drop noticed in the dry weight of spikes 
of Westerwolds and Tetrone ryegrass varieties start ing from 161 days after 
sowing till the end of the experiment could be mainly due to seed shattering 
( W H E E L E R 1 9 5 0 , H A U G E S et al. 1 9 5 2 ) . 
Whole plant. The trend of the total dry weight of the whole plant is the 
resultant of the behaviour of its component parts (Fig. 2). It is clear from the 
data tha t the dry weight of barley plant exceeded greatly that of ryegrass 
varieties during its life cycle. Meanwhile, the ryegrass varieties showed their 
maximum values in total dry weight later in the season. Westerwolds variety 
exceeded Tetrone almost throughout the season, whereas the Normal variety 
showed the lowest values. The maximum dry weight of the whole plant was 
obtained at the same dates of maximum tillering for all varieties with the 
exception of Westerwolds which showed its maximum dry weight a month 
later. The sharp decline noticed in the dry weight of Westerwolds and Tetrone 
plants was mainly due to the dying of the plant par t s as well as the seed 
shattering noticed in these two varieties, as the plants approached the end 
of their life cycle. Such results are in full harmony with those reported by 
R A A F A T et al. (1963) with Westerwolds ryegrass. 
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STUDIES ON SEED COAT 
AND SEED GERMINATION OF DESERT PLANTS 
I . S T R U C T U R A L M A K E - U P O F S E E D C O A T I N S O M E A S C L E P I A D A C E A E 
B y 
D. N. S E N 
DEPARTMENT OF BOTANY, U N I V E R S I T Y OF JODHPUR, J O D H P U R 
S t r u c t u r a l m a k e - u p of m a t u r e s e e d s in fou r species o f t h e f ami ly Asclepiadaceae 
h a s b e e n cor re la ted w i t h t h e i r g e r m i n a t i o n b e h a v i o u r . Leptadenia pyrotechnica p r e sen t s 
t h e w e a k e s t seed c o a t s t r u c t u r e a n d f o l l o w i n g th is was Calotropis procera. T h e seeds 
of Pergularia daemia posses s some t h i c k e u e d hai rs w h i c h c a u s e some h i n d r a n c e in 
w a t e r i m b i b i t i o n . Cryptostegia grandiflora d i d not p re sen t a n y compl i ca t ed m a k e - u p . 
b u t t h e g e r m i n a t i o n w a s p r e f e r r e d i n t o t a l darkness . N o h a r d seed coat d o r m a n c y 
e x i s t e d in any of t h e species . 
Introduction 
In recent years, ecological life-histories of some desert plants have been 
undertaken by the author and his collaborators (SEN 1965, 1968a, 1968b, 
1968c; S E N — C H A T T E R J I 1965, 1966a, 1966b; S E N et al. 1968). Some interesting 
features regarding germination of seeds have come to light during these 
studies. Some members of Asclepiadaceae are very conspicuous in the Indian 
desert regions which attract attention for the ecological studies on them. A start 
in this direction has already been made while studying the germination behavi-
our of seeds in Calotropis procera, Cryptostegia grandiflora. Leptadenia pyro-
technica and Pergularia daemia (SEN 1968c). 
In this paper structural make-up of seed coat in the mature seeds of the 
four species mentioned above has been reported. It has been stated by a 
number of workers that generally the seed coats are hard and thus affect 
germination adversely. Hard seed coats play a very important role in t he sur-
vival of a particular plant species, because the seeds are preserved as well as 
the germination is spread over for a long stretch of t ime ( H A R R I N G T O N 1 9 1 6 , 
C H A W A N — S E N 1 9 6 8 ) . Leguminous seeds are an example of this type. This 
may he the probable reason of the abundance of leguminous plants in this 
desert. 
The structural make-up of the seed coat in the four species have been 
correlated with their germination behaviour. None of these seeds appeared to 
have hard seed coat dormancy as germination took place normally. However, 
their sensitivity to light and temperature has already been reported (SEN 
1968c). This may be the reason why in spite of the enormous number of seeds 
9* Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
1 4 6 1). N. SEN 
produced every year , the number of new plants emerging f rom them has been 
observed to be ra ther small as compared to tha t of other plants such as of 
Leguminosae and Gramineae. 
Material and Method 
Most of t he seed collections w e r e made f rom t h e environs of J o d h p u r (India) in 1965 
a n d 1966. The m a t u r e seeds were k e p t in water for imbib i t ion . They were taken out a f t e r 
imb ib i t i on but b e f o r e germination a c t u a l l y took place as indicated b y t h e pro tuberance of 
t h e radicle. The seeds were then p i e r ced b y means of a sharp knife so t h a t infi l t rat ion m a y 
t a k e place t h o r o u g h l y . After c o n v e n t i o n a l methods of dehydra t ion a n d embedding, t h e y 
w e r e sectioned, i n d i v i d u a l sections b e i n g 1 2 - 1 6 / i in thickness and s t a i n e d with s a f r an in -
f a s t green combina t ion . 
Results 
Only mature seeds were selected for this study. The germination behavi-
our of such seeds had already been investigated. The structural make-up of 
t he seeds have been described below separately for each species. 
Calotropis procera (Ait.) R. Br. 
The mature seeds of Calotropis procera were brownish grey in colour, f la t 
wi th thin margins all around except at the micropylar end (Fig. 1 A). The 
seeds presented no difficulty in imbibition. I t appeared tha t some breakdown 
of the seed coat walls took place as on an average one year old seeds indicated 
a higher germination percentage than the freshly collected ones within 24 — 
4 8 hours ( S E N 1 9 6 8 C ) . 
2 0 2 5 3 n 
Fig. 1. Close-up of seeds of fou r m e m b e r s in Asclepiadaceae: A — Calotropis procera. В — 
Cryptostegia grandiflora, С — Leptadenia pyrotechnica, D Pergularia daemia 
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Fig. 2. Cross section of seed coat in Calotropis procera showing multicellular h a i r s (H) , non-
eel lu lar zone (N) a n d t egmen (T). X 320 
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Fig. 3. Cross sect ion of f l a t t e n e d margin of seed coa t in Calotropis procera showing re t i cu la te ly 
th ickened rec tangular cells on hoth lower a n d upper sides, ending in hairs . x 9 0 j 
In a cross section (Fig. 2) the epidermis was observed to be present with 
abundant multicellular hairs followed by a brownish zone which appeared to 
he noncellular and had partly taken dark stain. The tegmen following this 
layer was 3 — 7 cells in thickness. The outermost one or two layers had smaller 
cells as compared to the inner ones. The cells appeared to contain storage 
products. The outer cells of the tegmen were more packed with storage materi-
als than the inner cells. 
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Fig. 4. A portion of F i g . 3 magnif ied t o show re t i cu la t e ly thickened r e c t a n g u l a r cells ( R ) 
end ing outside in multicellular h a i r s (H). x320 
Fig. 5. Two t y p e s of hairs : small m o s t l y three-celled a n d thickened (S) a n d longer with th in 
walls (L), and no d i s t inc t cells o t h e r t h a n the hasal o n e . in epidermal l a y e r of the seed coa l 
of Calolropis procera. X l 5 0 
At the f lat tened margins, there were thick-walled rectangular cells (Figs 
3 4) both on lower and upper sides. These cells were reticulately thickened 
ending outside in multicellular hairs. These hairs were of two types (Fig. 5), 
small, mostly three-celled in height, with thick walls and the other was three 
to four times longer in height without any distinct cellular build-up other t han 
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Fig. 0. Longi tudinal sect ion passing t h r o u g h micropyla r region having thin-wal led cells 
in Calotropis procera. x l 5 0 
the base and was ibin-walled. Reticulately thickened cells were present on 
both sides with only thin-walled parenchyma in the middle. 
The top of the micropylar end had thin-walled cells (Fig. 6). The reticu-
lately thickened rectangular cells were as usual on the sides bu t intermixed 
with thin-walled cells. Some of the thick-walled hairs consisted of many or 
several cells. This thin-walled micropylar end appeared to be the weakest point 
allowing the entry of water at the time of germination. 
( .rvptostegia grandiflora R. Br. 
The mature seeds of Cryptostegia grandiflora were brownish in colour. 
They were prominantly ridged on one side and so did not appear f la t (Fig. 1 B). 
The seeds appeared hard and when kept in water did not quickly imbibe 
water, though cent per cent germination occurred at 30 °C in total darkness 
(SEN 1968C). 
In a cross section (Fig. 7) the epidermal layer seemed to he made up 
of large cells filled with some sort of tanniniferous substances. Hairs of an\ 
kind, so prominant in the seeds of Calotropic procera, were absent. The slow 
imbibition of water might be due to the absorptive area being less in this case. 
The next layer beneath was the subepidermal layer, one to two cells thick of 
comparatively thin-walled cells. These cells are irregular in shape and the 
whole layer was less broad as compared to the epidermal layer, although the 
latter was constituted by a single layer of cells. The tegmen was very thick 
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Fig. 7. Cross section ol seed coat in Cryptostegia grundifloru showing smoo th , h u t ridged 
ep ide rmal layer (F.) w i t h o u t hairs, and t egn ien (T). X 90 
Fig. it. A portion of f igu re 7 magnif ied to show tannin- f i l l ed ridged e p i d e r m a l layer (E) . 
th in-wal led subepidermal layer (SL) and t e g m e n (T). x 9 0 
(20—25 cells) at the two sides (Fig. 7) and comparatively less so (7 —10 cells) 
at the ridge on the upper and lower sides. In contrast to C. procera, in which 
two different types of cells inner and outer tegmen, such a distinction was 
not apparent in this case. The cells of the tegmen were ordinarily packed 
fully with the storage materials (Fig. 8). 
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Fig. 9. Long i tud ina l section of seed coat in Leptadenia pyrotechnica showing disorganized 
epidermal layer of thin-walled cells wi thout hairs (E ) . the subepidermal cells arty c o m p a r a -
t ively thick-walled, r ed brown in colour (SL) and tegmen (T). x 3 2 0 
Fig. 10. Cross sect ion of f l a t t e n e d marginal po r t ion of Leptadenia pyrotechnica, s h o w i n g 
thin-walled ep ide rma l layer (E) wi thou t any r e t i cu la t e ly thickened cells. The layers a r e 
ep ide rmis (E). subep ide rmal layer (SL) and tegmen (T). X 320 
Leptadenia pyrotechnica (Forsk.) Decne. 
к 
The mature seeds of Leptadenia pyrotechnica were yellowish grey in 
colour. They appeared to be most delicate as compared with the seeds of the 
other three species. They were flattened and smaller in breadth hut were of 
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the same length as those of C. grandiflora (Fig. 1 C). The seeds appeared to 
have a very thin and weak seed coat. They , therefore, indicated the highesl 
germination percentage in the shortest t ime in almost any condition of light 
(SEN 1968C). The seed coat presented no hindrance to the imbibition of water . 
In a cross section (Fig. 9) the epidermis which was single-layered ap-
peared almost completely disorganized. This layer consisted of thin-walled cells 
without any kind of hairs. Beneath this was a red-brown coloured comparative-
ly thick-walled layer which also consisted of disorganized cells as seen after 
imbibition. The tegmen was similar to t h a t of other seeds and contained 
storage food products. At places there appeared to be some indication of divi-
sion into inner and outer cells as was the case with the tegmen in C. procera 
seeds, bu t at other places this condition did not seem to exist. 
The absence of hair and the presence of thin-walled epidermal layer 
without reticulately thickened cells at t he margins all around (Fig. 10) seemed 
to be characteristic of L. pyrotechnica seeds. The lat ter , however, were verv 
prominent in the seeds of C. procera (Figs 3 and 4). These weak layers led to 
a quicker germination of the seeds in t he case of the L. pyrotechnica. 
Pergularia daemia (Forsk.) Blatt, et McC. 
The mature seeds of Pergularia daemia were very dark brown in colour. 
The seeds were flat with thin flattened margins which happened to be serrated 
all around (Fig. 1 D). The seeds appeared to present some difficulty in imbibi-
tion unlike those of C. procera. The seed coat appeared to be impermeable to 
water in t he case of fresh seeds, though one year old seeds germinated to some 
extent (SEN 1968c). 
In a cross section the epidermis, though not so well defined in imbibed 
seeds, appeared to consist of cells filled with some tanniferous substances. 
The hairs present were not many-celled and appeared twisted (Fig. 11). A much 
broader zone occurred beneath, which consisted of undefined thick-walled 
brownish red cells. All these offered hindrance to water imbibition. At the 
margins t he cells were very well defined, thick-walled compactly arranged 
(Fig. 12) with distinct hairs. The tegmen was uniformly 5 — 7 celled thick but 
it consisted of a smaller number of cells on the margins. The distinction of 
inner and outer cells in the tegmen was altogether absent. 
Relation of seed coat structure with germination. The most common 
cause of dormancy in the seeds appears to be the presence of a hard seed coat. 
The seed coat structure adversely affects the absorption of water in most of 
the seeds with hard coats. Most of the desert leguminous seeds possess verv 
hard coats which are resistant to abrasion and at t imes covered with a wax-
like layer. 
None of the seeds of the four plant species studied possessed any anatom-
ical s t ructure which might inhibit the en t ry of water into the seeds. The 
seeds of L. pyrotechnica were characterized by the weakest make-up of the seed 
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Fig. 11. Cross sect ion of seed coat in Pergularia daemia showing distinct twis ts in the epidermal 
hai rs (H). X 500 
Fig. 12. Cross sect ion of flattened marg in in Pergularia daemia showing well defined ihiek-
walled compac t ly arranged cells. x320 
c o a t a n d , t h e r e f o r e , t h e s e e d s a b s o r b e d w a t e r f r e e l y a n d g e r m i n a t e d a l s o in 
a s h o r t e r t i m e a s c o m p a r e d t o t h e s e e d s o f t h e o t h e r t h r e e s p e c i e s . T h e s e e d 
c o a t s t r u c t u r e o f C. procera w a s m a r k e d b y t h e p r e s e n c e o f f i n e h a i r s w h i c h 
w e r e b r o k e n a n d w e r e s h e d o f f i n m o s t c a s e s . W a t e r w a s t h u s a b s o r b e d t h r o u g h 
t h e s e b r o k e n p o i n t s . T h e g e r m i n a t i o n in t h i s c a s e w a s n o t h i n d e r e d e i t h e r 
b e c a u s e of t h e a b s e n c e of a n y p e c u l i a r i t y of t h e s e e d c o a t s t r u c t u r e . T h e s e s e e d s 
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(lid not have a long viability period and the make-up of the seed coat helped 
quick germination. 
The seeds of C. grandiflora were characterized by an altogether different 
epidermal structure which consisted of large or small cells, at times in the form 
of ridges. The epidermal cells were well filled with some tanniferous material 
because of which the seeds simulated possessing a hard seed coat structure. 
A cent per cent germination in this case took place in total darkness. 
Pergularia daemia seeds had a very compact epidermal Avail on the seed 
coat. The seeds though appearing similar to those of C. procera were different 
in the structural make-up of the seed coat. The hairs present were also differ-
ent in nature than those of others in appearing twisted as a result of some sort 
of thickening. The hairs were long and did not appear to break off rapidly. 
The zone of undefined thick-walled brownish red cells was compact enough 
not to allow the inflow of water easily. 
Discussion and Conclusion 
Earlier workers in the field of ecology of seed germination did not empha-
size the importance of the structural make-up of the seed coat. No such 
published work seems to be available on this subject as far as the author 
could make out. A number of methods have been tried to hasten germination 
in those seeds in which seed coat presented some sort of barrier to water 
imbibition and thus their germination. I t would thus appear worthwhile to 
examine also the structural make-up of the seed coat in a mature seed. A know -
ledge of the seed coat structure would be of immense value in the ecophysio-
logical studies on seed germination. 
The mature seed coat varies greatly in form. I t may be soft as in the case 
of seeds in most of the members of Asclepiadaceae, e. g., L. pyrotechnica. I t may 
become gelatinous, e. g., the seeds of Ruellia tuberosa or hairy with mucilage, 
e. g., in the seeds of Lepidagathis banderensis. Fine hairs may also be present 
in many seeds on which they might be of minor importance, e. g., in the seeds 
of C. procera. A hard seed coat is the most commonly met with, e.g., in the seeds 
of Sida species ( C H A W A N - S E N 1 9 6 8 ) and Ipomoea crassicaulis ( M I S R A 1 9 6 3 ) 
and in many of the leguminous seeds found in the deserts. 
While comparing the observations made in course of the study of the 
seeds of four species of the family Asclepiadaceae with those of other seeds, it 
would be evident tha t none of the former were found to possess any structural 
peculiarity which might bring about inhibition of germination. The macro-
sclereids which happen to be a highly specialised layer in leguminous seeds 
has been found to be altogether absent in the seeds studied, the presence of 
which would normally make the seed impervious to water. The thickened 
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twisted hairs in the seeds of P. daemia might hinder imbibition of seeds. In the 
seeds of C. grandiflora the structural make-up of the seeds did not appear to 
indicate any characteristic feature which might adversely affect their germina-
tion. But in these seeds, when they were kept in total darkness at 25 — 30 °C. 
germination rose Tip to one hundred per cent. It would appear that some bio-
chemical change might occur in total darkness resulting in the breakdow n 
of the seed coat structure leading to a high germination percentage. 
The tegmen consisting of parenchymatous cells below the comparatively 
hard outer layer normally contained abundant storage product. This layer 
might he of some consequence in the seeds of C. grandiflora in which it hap-
pened to he comparatively thick. This tegmen has been found to swell and 
thicken abnormally under certain conditions in the seeds of Euphorbia caduci-
folia ( S E N — C H A W A N 1 9 6 8 ) . 
It has been reported earlier that the older seeds of C. procera germinate 
quicker than the freshly harvested ones ( S E N — C H A T T E R J I 1 9 6 5 ) . It is con-
sidered as a rule that natural swelling of a seed in water begins at the micro-
pylar opening. And in the case of the seeds of C. procera it has been show n that 
there Avas present opposite the micropylar opening a tissue formed of cells 
of extra thin walls. But it has been reported earlier ( S E N — C H A T T E R J I 1 9 6 5 ) 
tha t protrusion of cotyledons in these seeds also occurred at the chalazal end 
resulting in "chalazal germination", though the structural make-up of the seed 
coat happens to be such t h a t for the tissues there to break or disorganize 
earlier than those at the micropylar end would he deemed rather inconceivable. 
Thus i t is not the structural make-up of the mature seeds of the four 
species studied which would possibly affect their germination; it is quite 
probable that other factors might be concerned in the process. 
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NON-SYMBIOTIC NITROGEN FIXATION 
AS INFLUENCED BY SOIL MOISTURE 
B y 
S . A . Z . M A H M O U D , A . N . I B R A H I M 
FACULTY OF AGRICULTURE, AIN SHAMS UNIVERSITY, FACULTY OF AGRICULTURE. 
AL-AZHAR U N I V E R S I T Y , CAIRO 
T h e o p t i m u m level of mo i s tu re f o r t he growth a n d p ro l i f e ra t ion of A z o t o b a c t e r 
w a s f o u n d to be a t 5 0 — 7 5 per c e n t o f wate r -ho ld ing c a p a c i t y in a c l a y l o a m soil. 
C los t r id i a l coun ts i n c r e a s e d as m o i s t u r e increased, a n d t h e m a x i m u m c o u n t was 
r e c o r d e d a t 100 p e r c e n t of w a t e r - h o l d i n g capac i ty . 
T o t a l n i t r o g e n showed a m a r k e d increase a t 25, 50 a n d 75 per c e n t of water-
h o l d i n g capac i ty . O n t h e o the r h a n d , a m a r k e d loss w a s o b t a i n e d a t 100 p e r cen t of 
w a t e r - h o l d i n g c a p a c i t y . However , t h e m a x i m u m gain of n i t r o g e n was r e c o r d e d at 
50 p e r c e n t of w a t e r - h o l d i n g capac i ty a n d coincided w i t h t h e m a x i m u m r a t e of organic 
m a t t e r decompos i t i on . 
Introduction 
Moisture governs all biological activities in the soil ( A L E X A N D E R 1 9 6 1 , 
I B R A H I M 1 9 6 4 ) . This is essential for microorganisms since soluble ingredients 
enter the cells in the process of anabolism, and the by-products excrete away 
from the cells in the process of catabolism through water. 
In Egypt, the soil is exposed to different levels of moisture throughout 
the year. I t is usually water-logged for several months when cultivated with 
aquatic plants. In addition, flooding is normally practiced in Upper Egypt, 
before cultivating basin soils for approximately three months. On the other 
hand, when cultivating other economical crops, the soil is usually irrigated at 
short intervals in summer, since it is subjected to quick dryness due to the 
hot climatic conditions which promote drying up. In winter, however, the 
soil is irrigated at long intervals, due to the low temperature prevailing in 
such season. Further, soil is sometimes left fallow for a period which may 
extend for three months in summer; a procedure known as "Sharaqui" 
( I B R A H I M 1 9 6 4 ) . 
Therefore, the soil appears to be subjected, either in summer or in winter, 
to different levels of moisture. Hence, it was found of interest to s tudy the 
effect of soil moisture oil the growth and activities of non-symbiotic nitrogen 
fixing organisms, namely Azotobacter and Clostridia. In this experiment a fertile 
clay loam soil w as kept at different levels of moisture covering the most 
moisture contents that soils are normally subjected to. 
Nitrogen fixing bacteria, however, are able to resist drying for a long 
period of time, depending upon the na ture of the medium: the bacteria will 
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resist desiccation longer in a rich clay soil than in sand ( G I L T N E R — L A N G -
W A R T H 1 9 1 6 ) . H E I N Z E ( 1 9 0 6 ) found that fallowing the soil led to an increase 
in nitrogen fixation, which was probably due to better aeration. K R A I N S K Y 
( 1 9 0 8 ) stated t ha t nitrogen fixation took place in the soil when its moisture 
content was only 2 to 15 per cent. Excess of water, however, inhibited the 
action of Azotobacter and promoted that of Clostridia. The optimum moisture 
for nitrogen fixation was found by L I P M A N B U R G E S S ( 1 9 1 5 ) to be between 
2 0 — 2 4 per cent. They, however, showed that air dried soils kept in stopped 
museum bottles for five to twenty years contained variable nitrogen fixing 
bacteria and manifested vigorous nitrogen fixing power. T R A A E N ( 1 9 1 0 ) 
obtained a fixation of 1.9, 13.2, 16.6 and 15.5 mg nitrogen in 100 g of soil 
with 5 — 1 0 , 1 7 . 5 , 2 5 , and 3 0 per cent moisture, respectively. L I P M A N — B U R -
G E S S ( 1 9 1 5 ) found in many soils varying widely in physical conditions, two 
maxima for nitrogen fixation, viz., one 50 — 60 per cent and the other 70 — 
80 per cent of water-holding capacity, and generally, fixation was low at 10, 
20, 30, 40, 90, and 100 per cent of water-holding capacity. Similarly, insuffi-
cient moisture was found by T A N A T I N ( 1 9 5 4 ) and I S H A C ( 1 9 5 8 ) to be the chief 
fac to r in limiting the distribution and activity of Azotobacter. 
Material anil Method 
Plast ic p o t s 13 c m in d i a m e t e r a n d 9 cm in h e i g h t were used in t h e p r e s e n t i nves t iga -
t i o n . E a c h pot r e c e i v e d 200 g of f e r t i l e c l a y loam soil, o b t a i n e d f r o m t h e E x p e r i m e n t a l S t a t i o n 
of t h e Botanical S e c t i o n , Minis t ry of A g r i c u l t u r e a t G iza . T h e soil was m i x e d w i t h 2 % ( W / W ) 
c o m p o s t to raise i t s o r g a n i c m a t t e r c o n t e n t , and t h u s e n h a n c i n g the b a c t e r i a l act ivi t ies . F o u r 
p e r c e n t a g e s of w a t e r - h o l d i n g capac i t i e s were kep t d u r i n g t h e e x p e r i m e n t , name ly 25, 50, 
75 , a n d 100%. T h e m o i s t u r e con ten t w a s kep t c o n s t a n t t h r o u g h o u t t h e e x p e r i m e n t a l p e r i o d 
b y t h e daily w e i g h i n g of each po t a n d t h e adding of w a t e r to c o m p e n s a t e for loss d u e t o 
e v a p o r a t i o n . The p o t s were i n c u b a t e d a t 30 °C for 10 w e e k s . Samples w e r e carried ou t a t 
2 - w e e k intervals f o r microbio logica l a n d chemical a n a l y s e s . 
The counting of non-symbiotic nitrogen fixing organisms. Azotobacter were coun ted o n 
B a s e m e d i u m 77 (ALLEN 1961), a n d Clostridia were c o u n t e d on m o d i f i e d W i n o g r a d s k y ' s 
m e d i u m (ALLEN 1 9 6 1 ) , us ing the d i l u t i o n f requency m e t h o d , a f t e r w h i c h t h e m o s t p r o b a b l e 
n u m b e r s were c a l c u l a t e d on the o v e n d r y basis us ing HOSKINS' t ab l e s (1934) . 
Chemical methods. Walkely a n d B l a c k wet d iges t ion m e t h o d was u s e d f o r the d e t e r m i n a -
t i o n of organic c a r b o n , a n d K je ldah l m e t h o d was used f o r t h e d e t e r m i n a t i o n of to ta l n i t r o g e n 
( J A C K S O N 1 9 5 8 ) . 
Results 
The initial count of Azotobacter was found to be 1 1 . 6 7 8 millions/g dry wt. 
of the soil. A significant increase was recorded in their counts at all levels of 
moisture after 2 weeks (Fig. l ) .This could be deduced from the maintenance 
of moisture and the presence of available energy. Later, their counts showed 
a marked decrease, which can be deduced from the exhaustion of the available 
sources of energy. The highest count of Azotobacter was, however, recorded 
a t 50 and 75 per cent of the water-holding capacity, being in the average of 
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72.148 and 52.139 millions, respectively. This indicates that the optimum 
moisture for the growth of Azotobacter is within these levels. In fact , the 
highest amounts of nitrogen fixed were obtained at these levels confirming 
this finding. Their counts showed a significant decrease at lower or higher 
levels of moisture above or below this range. However, counts at the low 
moisture content were higher than those at high moisture (27.296 and 16.416 
100 
8 0 -
fc 60-
л \ / \ 
/ / - - 4 \ 
4 6 
Weeks 
• 25 % of whc 50 % of whc 75% of whc 
Fig. 1. E f f e c t o f s o i l m o i s t u r e o n Azotobacter a n d Clostridia c o u n t s i n m i l l i o n p e r g m d r y w \ 
o f s o i l 
millions at 25 per cent and 100 per cent of the water-holding capacity, respec-
tively). This shows that high moisture content inhibits the growth and pro-
liferation of Azotobacter. This inhibition could be attr ibuted to the lack of 
oxygen, since Azotobacter is well known to he strict aerobe. B I S S E T — H A L E 
( 1 9 5 3 ) , however, stated that Azotobacter can evade the unfavourable condi-
tions in the resting stage, viz. in the spore phase, as they took Azotobacter 
originated from the genus Bacillus. 
The anaerobic nitrogen fixing Clostridia were found to be in lower counts 
than Azotobacter. This, however, contradicts the results obtained by W A K S -
M A N ( 1 9 6 1 ) and M I L L A R ( 1 9 5 5 ) who stated that Clostridia were much more 
abundant in soil than Azotobacter. On the other hand, it confirms several 
Egyptian investigators ( A B D E L - H A F E Z 1 9 6 2 , T A H A et al. 1 9 6 5 , M A H M O U D 
Т А Н А — I B R A H I M 1 9 6 8 ) . 
In the present investigation, the initial count of Clostridia was found 
to he 2 . 4 4 2 millions/g dry wt. of the soil. An increase was generally recorded 
in their counts after 2 weeks at all levels of moisture (Fig. 1). This increase 
could be deduced from the presence of suitable moisture and available sources 
of energy in the soil. The highest counts were, however, recorded at 100 of the 
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water-holding capacity being in the average of 42.569 millions. This can be 
deduced from the presence of low oxygen tension in addition to the organic 
matter, favouring the growth of Clostridia, since they are anaerobes. High 
moisture content in the presence of decomposable organic matter promoted 
the growth and proliferation of anaerobic nitrogen fixers occurring more or 
less dormant in appreciable number in aerated soils. On the other hand, the 
Table 1 
Effect of soil moisture on non-symbiotic nitrogen fixation 
Moisture 
Weeks 
2 4 6 8 10 
2 5 % organic m a t t e r о ' 
; О 
2.196 2.069 2.060 2.017 2.014 0.319* 
W h c Total N. О / о 0.151 0.151 0.154 0.157 0.158 
- or N . g — ' + 1.89 + 3.28 + 3.78 + 1.79** 
5 0 % organic m a t t e r 0 / / 0 2.186 2.078 2.010 1.956 1.897 0.436* 
Whc Total N. 0 / 1 / о 0.157 0.159 0.161 0.165 1.165 
+ or N . or 
о 
+ 6.98 + 5.41 + 5.32 + 6 . 4 2 ' + 5.14 + 5.85** 
7 5 % organic m a t t e r о / / о 2.197 2.095 2.062 1.945 1.900 0.433* 
W h c Total N. о /О 0.152 0.156 0.157 0.166 0.166 
+ or — N . g + 1.12 + 3.62 + 3 . 8 0 + 6.66 + 5.97 + 4 . 2 3 * * 
organic m a t t e r о / о 2.036 2.022 1.997 1.986 1.947 0.386* 
100",, Total N. 0 / / 0 0.147 0.147 0.145 0.145 0.146 
+ or N . g 2.32 - 2.21 3.08 2 . 9 8 - 2.23 - 2 . 5 6 * * 
Initial o rgan ic mat ter = 2 . 3 3 3 % on dry wt . basis . 
Initial t o t a l nitrogeu = 0 . 1 5 1 % on dry wt . basis . 
* Total a m o u n t of decomposed organic m a t t e r . 
** Average gain ( + ) or loss ( — ) in total n i t r o g e n per 100 g of ca rbon utilized. 
number of aerobic nitrogen fixers was increased by organic matter and 
decreased as a result of flooding. 
The lowest counts of Clostridia were recorded at 25 per cent of the water-
holding capacity being in the average of 5.555 millions. This relatively high 
count obtained at the low level of moisture, could he attr ibuted to the sym-
biotic action as a result of the microbial association enhanced by the presence 
of organic mat te r causing more activities of these organisms. This resulted 
in the depletion of soil oxygen, furnishing suitable environments for Clostridia 
to proliferate. 
When calculating the amounts of nitrogen fixed at all levels of moisture 
(Table 1), one could find t h a t an increase was recorded in the total nitrogen 
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during the experimental period ended with 0.158 per cent at 25 per cent of the 
water-holding capacity (the initial amount of nitrogen was 0.151 per cent). 
The same trend appeared also at 50 per cent and 75 per cent of water-holding 
capacity. However, the increase was relatively higher than that at 25 per cent 
of water-holding capacity being 0.165 per cent and 0.166 per cent, respectively. 
This shows that 50 per cent and 75 per cent of the water-holding capacity are 
within the optimum moisture for nitrogen fixation exerted by non-symbiotic 
nitrogen fixers. On the other hand, a loss was recorded in the total nitrogen 
at 100 per cent of water-holding capacity. In fact, the recorded figures repre-
sent the resultant of two factors: a) the gain in nitrogen fixation exerted by 
the anaerobic nitrogen fixers i.e. Clostridia, h) the loss due to denitrification 
and nitrate reduction, as a result of the anaerobiosis, due to the excess of 
moisture. The second process appears to have the upper hand of the first one 
as the loss was more pronounced showing minus figures than the initial content 
(0.146%), therefore, the fixed nitrogen appears to he masked. 
By calculating the amount of nitrogen fixed per 100 g of carbon utilized 
(Table 1), there occurred a gain in nitrogen fixation at 25%, 50%, and 75% of 
water-holding capacity, being in the average of 1.79, 5.85, and 4.23, respective-
ly. The maximum gain recorded at 50% of water-holding capacity denotes 
that this level is within the optimum for the non-symbiotic nitrogen fixation 
process. 
Discussion 
Moisture governs all biological activities in soils by two ways ( A L E X A N -
D E R 1 9 6 1 ) . Water being the major component of protoplasm, an adequate 
supply of water must be available for vegetative development. But, as soon as 
moisture becomes excessive, microbial propagation is suppressed not by the 
over-abundance of water, which is not deleterious per se, but rather because 
the oversupply limits gaseous exchange and lowers the available oxygen 
supply creating thereby an anaerobic environment. B A H N ( 1 9 1 2 ) , however, 
showed that the influence of moisture upon the activities of bacteria is due 
to two factors: a) the penetration of atmospheric oxygen through the medium; 
h) therapidity of diffusion of the nutrients. He also added tha t a high moisture 
content is more favourable for bacteria, bu t it diminishes aeration. 
In Egypt soils are exposed to different levels of moisture throughout 
the year as has been mentioned before. Thus, it is found of interest to s tudv 
the effect of soil moisture on the growth and activities of non-symbiotic nitro-
gen fixing organisms, namely Azotobacter and Clostridia. Non-symbiotic nitro-
gen fixation is well known to be of great benefit to soil fertility specially in 
Egyptian soils, so many investigators have drawn the at tention to the presence 
of high densities of nitrogen fixing organisms in such soils. The fixation of 
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atmospheric nitrogen as microbial protein is, however, the cheepest means 
of soil manuring. 
In the present investigation, a fertile clay loam soil amended with 2 per 
cent organic mat teras compost was kept at different levels of moisture ranging 
from 25 to 100 per cent of its water-holding capacity. 50 and 75 per cent of 
water-holding capacity were found to be within the opt imum range for the 
"row th and activities of Azotobacter. Clostrial counts have, however, increased 
as moisture content has. This is expected, since they are anaerobes. The pres-
ence of low oxygen tension in addition to organic matter , has favoured the 
growth and proliferation of Clostridia. The data showed that the incidence 
of Azotobacter was at its highest at 50 per cent of water-holding capacity. As 
moisture was increased or decreased, their counts showed a marked decrease. 
This decrease was found to be very high at the high levels of moisture, indicat-
ing that Azotobacter could endure dryness ( B I S S E T — H A L E 1 9 5 3 ) . L I P W A N 
B U R G E S S ( 1 9 1 5 ) stated that many soils manifested a vigorous nitrogen-fixing 
power, even after being air-dried and kept in stopped bottles from five to 
twenty years. On the other hand, insufficient moisture was found by T A N A T U N 
( 1 9 5 4 ) and I S H A C ( 1 9 5 8 ) to be the chief factor limiting the distributions and 
activities of Azotobacter. Still excess moisture seems to check their grow th and 
proliferation. This may be due to the low oxygen tension prevailing under the 
high moisture content. H E I I N Z E ( 1 9 0 8 ) showed that fallowing the soil leads to 
an increase in nitrogen fixation, resulting from better aeration. T R A A E I N ( 1 9 1 0 ) 
also stated tha t the quantity of the present water might become so great that 
it would kill Azotobacter and inhibit nitrogen fixation. 
When calculating the amounts of nitrogen fixed at all levels of moisture, 
it was found that the high proliferation of Clostridia at high moisture did not 
affect the amount of nitrogen fixed to the same extent as tha t of Azotobacter. 
This indicates that the rate of fixation by Azotobacter at its optimum moisture 
is significantly higher than that of Clostridia at its optimum moisture. There-
fore, or.e could stress the importance of Azotobacter in Egyptian soils, and 
furnish the suitable habitat for their proliferation. The amount of fixed nitro-
gen was found to be in the positive side (-j- 1.79 g) at the lowrest level of mois-
ture, whilst at 100 per cent of water-holding capacity, where the growth of 
Clostridia is at its peak, it was in the negative side ( — 2 . 5 6 g). This does mean 
that although the growth of Azotobacter was relatively low at the lower level 
of moisture, yet it fixed more nitrogen than Clostridia at its optimum moisture. 
H< nee, it could be stated t ha t the rate of nitrogen fixation by Azotobacter at 
its optimum moisture, is significantly higher than that by Clostridia at its 
optimum moisture. However, the extent of nitrogen fixation by Clostridia at 
the higher levels of moisture, may be masked by other deleterious processes 
such as nitrate reduction and denitrification. 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
NON-SYMBIOTIC NITROGEN FIXATION 1 6 3 
R E F E R E N C E S 
ABDEL-HAFEZ, A . M . (1962): S e a s o n a l v a r i a t i o n of soil m ic ro f lo ra and i t s e f f e c t 011 soil n i t r o g e n . 
M. Sc. T h e s i s , Ain Shams U n i v . , U . A . R . 
ALEXANDER, M. (1961) : I n t r o d u c t i o n t o soil m i c r o b i o l o g y . J o h n W i l e y a n d Sons, I n c . , N e w 
Y o r k a n d L o n d o n . 
\LLEN, O.N. ( 1961 ) : E x p e r i m e n t s i n soil bac t e r io logy . Borgess P u b . Co. 
BISSET, К . A. — HALE, C.M. (1953) : T h e cytology a n d l ife cycle of Azotobacter chroococcum. 
J . Gen. Mic rob io logy , 8, 442— 448. 
GILTNER, W.— LANGWORTH, H .V . ( 1916 ) : Some f a c t o r s in f luenc ing t h e l ong iv i ty of m i c r o -
o rgan i sms s u b j e c t e d to d e s i c c a t i o n wi th special r e f e r e n c e to soil s o l u t i o n . J . Agrie . R e s . , 
5, 9 2 7 - 9 4 2 . 
HEINZE, B. (1906) : O n the n i t r o g e n ass imi la t ion b y lower m i c r o o r g a n i s m s . L a n d w . T a g b . , 
35, 889 - 9 1 0 (c.f. Ishac, 1958) . 
HOSKINS, J . K . ( 1934 ) : (in: P a r t e r , J . P . Bac t e r i a l c h e m i s t r y a n d p h y s i o l o g y . 100, J o h n 
Wiley a n d S o n s 1947). 
IBRAHIM, A. N . ( 1 9 6 4 ) : Mic roo rgan i sms a n d their a c t i v i t i e s in re la t ion t o soil fe r t i l i ty . Pl i . D . 
Thesis , A in S h a m s Univ. U . A . R . 
ISHAC, Y. Z. (1958) : A s t u d y on n o n - s y m b i o t i c n i t r o g e n f i x a t i o n in E g y p t w i t h special r e f e r e n c e 
to Azotobacter. M. Sc. Thes i s , Ca i ro Univ. 
J ACKSON, M. L. ( 1958 ) : Soil c h e m i c a l ana lys i s . C o n s t a b l e and Co., L o n d o n . 
KRAINSKY, A. B . (1908) : F i x a t i o n of f r e e n i t rogen i n t h e soil b y Azotobacter chroococcum, 
i ts p h y s i o l o g i c a l act ivi t ies a n d p rope r t i e s in t h e soil. Zhur . O p i t . A g r o n . , 9, 689 749. 
I.IPMAN, C. B.—BURGESS, P. S. ( 1 9 1 5 ) : S tud ies on n i t r o g e n f ixa t ion a n d Azotobacter in soils 
of fore ign c o u n t r i e s . Cen t rb l . B a k t . , 2, 4 8 1 - 5 1 1 . 
MAHMOUD, S.A. Z. — ТАНА, S.M.—IBRAHIM, A.N. ( 1 9 6 8 ) : D e c o m p o s i t i o n of some o r g a n i c 
m a n u r e s a n d the i r effects o n n o n - s y m b i o t i c n i t r o g e n f ixa t ion o r g a n i s m s in E g y p t i a n 
soils. A c t a A g r o n o m i c a A c a d . Sei. H u n g . ( I n p r e s s ) 
MILLAR. C.E. ( 1955 ) : Soil f e r t i l i ty . J o h n Wiley and S o n s , Inc. , New A 'ork . 
T A H A , S . M . — M A H M O U D , S . A . Z . — E L - D A M A T V , A . — I B R A H I M , A . N . ( 1 9 6 5 ) : E f f e c t o f p r o -
longed use of fert i l izers on t h e microbio logica l a n d chemical p r o p e r t i e s of soil. 1 s t 
Con. of Mic rob io logy , U . A . R . 
TANATIN, B.Y. ( 1954 ) : The presence of Azotobacter in s o m e cu l t iva ted soi ls of n o r t h e r n T a d z h i -
k i s t an . Soils a n d Fe r t . Abs . , 17 , 260. 
TRAAEN, A . K . ( 1910 ) : Übe r den E i n f l u ß der F e u c h t i g k e i t auf die S t i c k s t o f f u m s e t z u n g e n in 
E r d b ö d e n . Z e n t r a l . B a k t . , 1 1 , 119—135. 
WAKSMAN, S.A. (1961) : Soil m i c r o b i o l o g y . J o h n W i l e y a n d Sons, I n c . , N e w York , L o n d o n . 
11* Acta Agronomica Academiae Scientiarum Hungaricae 20 1971 

Ada Agronomica Academiae Scientiarum Hungaricae, Tomus 20 (1 2), pp. 165—196 (1971) 
VARIA 
W H I T E K O H L R A B I O F S Z E N T E S 
Taxonomical place: Brassica oleracea L. conva r . acephala (ВС.) Alef . var . gongylodcs L. f. 
gongylodes 
Origin: p r o d u c e d from A p o p u l a t i o n of local v a r i e t y by ind iv idua l selection (KAPÁS et al. 
1965) 
Beginning of breeding: 1955, Szeutes . 
Breeder: P e t e r Szalva, Szeutes . 
State qualification: provisional ly certified i m p r o v e d var iety, 1961; s t a t e ccrLified improved 
v a r i e t y , 1967. 
General characterization : co ld -ha rdy , resis tant k o h l r a b i of short vege t a t i on period, w i t h yellow-
ish g reen tuher . 
Morphological description : 
Boot system: fine, c o m p a c t . 
Shoot system: develops only in the second y e a r ; then t he well wintered se ts p roduce 
s t rong seed s t a lk s ; seed stalks a re profuse ly b ranch ing . S tem developed in the 
f i r s t year below t h e tuhe r is a t h i n (4—8 mm d iamete r ) b u t stable o rgan s t and-
ing out of the g r o u n d . 
Tuber: slightly f l a t t e n e d spherical, of 6 — 7 cm diameter w h e n marke tab le , d i a m e t e r 
a long the l ong i tud ina l axis only 4 .5—5 cm; its colour is l ight yel lowish green, 
somet imes wi th a l ight purpl ish colouring. Somewhat sunken at the t o p . Flesh 
is f ine , tender , of excel lent qua l i ty . 
Foliage: consists of scarce small leaves, b u t leaves are s t r a i g h t upr igh t , so t h e rose t te 
is closed. Leaves are generally 6 — 7 in number and t he i r length ( toge the r wi th 
t h e petiole) is 18—24 em, w i d t h 8—10 cm. Leaf b l ades are ovate , s o m e t i m e s 
lanceola te -ova te ; colour is l ight g reen (wi th a slight p u r p l i s h t int) . 
Inflorescence : corymbs th ick ly loaded w i t h f lowers develop on caules only in t h e year 
of seed p roduc t ion . Flowers are l igh t br imstone-coloured. 
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Fruit: b r o w n silique of a b o u t 5 cm length. 
Seed: spher ica l , smooth, b lack i sh brown. 
Biological characteristics: 
Vegetation period: the t u b e r o u s plant develops in a short t ime; i t can be harvested six 
weeks a f t e r t r a n s p l a n t i n g . Harvest t a k e s place 80—90 d a y s a f te r germina t ion . 
Development: quick and i n t ens ive . 
Frost hardiness: tolerates — though not for a long t ime — even a t empera tu re of 
5 °C be low zero. 
Resistance to diseases: d isease res i s tan t . 
Farm technology requirements: seedl ings grown in h o t beds have to be t ransp lan ted ea r l y , 
otherwise t h e y do not give su f f i c i en t results. Seedl ings are best ra i sed in fostering soil. 
Opt imum t i m e of sowing is F e b r u a r y , t r a n s p l a n t a t i o n has to be carr ied out in M a r c h 
( G Á B R I E L 1 9 6 2 ) . 
Productivity : a c c o r d i n g to the v a r i e t y t e s t (GÁBRIEL 1962) tuber yield pe r ha is 88, 6—107, 
1 respec t ive ly . Average t u b e r weight is 108.5 g (ranging f r o m 106—111 g). F i r s t 
harvest g ives 1 1 2 5 per cen t of the total t ube r yield ; 50—60% of t h e yield is h a r v e s t e d 
the second a n d third t ime of which 70 8 0 % is graded as 1st and Und classes 
( G Á B R I E L 1 9 6 2 ) . 
Area of cultivation : can be grown all over the coun t ry e i ther by forcing u n d e r glass, or w i t h 
early t r a n s p l a n t a t i o n . 
* 
Prepared b y t h e Nat ional I n s t i t u t e of A g r o b o t a n y , Tápiószelé 
G Y . M Á N D Y 
R E F E R E N C E S 
GÁBRIEL, A. (1962) : Korai s zabadfö ld i karalábé (F ie ld-grown ear ly kohlrabi ) . N e m e s i t e t t 
N ö v é n y f a j t á k k a l végzett Országos Fa j t ak í sé r l e t ek Eredménye i 1961. Mezőgazdasági 
Kiadó, B u d a p e s t , 365 — 372. 
KAPÁS, S. et al. (1965): Minős í te t t n ö v é n y f a j t á i n k (Qual i f ied H u n g a r i a n plant var ie t ies ) . 
Mezőgazdasági Kiadó, B u d a p e s t , 118. 
P U R I F I C A T I O N , A N D P R O P E R T I E S O F B U L L S P E R M O S I N 
ENGELHARDT (1946) was t h e f i r s t to write d o w n t h a t the s p e r m contains A p r o t e i n 
— since then ca l led spermosin — showing ATP-ase ac t i v i t y . Owing to methodological d i f f i -
c u l t i e s E N G E L H A R D T — B U R N A S H E V A ( 1 9 5 7 ) a n d B U B N A S H E V A ( 1 9 5 8 ) d i d n o t o b t a i n r e l i a b l y 
p u r e prepara t ions , therefore did n o t consider the e n z y m e da ta relat ive to t he sperinosin t o b e 
suf f ic ien t ei ther. T h e y found its mo lecu la r weight s imi lar to t ha t of the myos in of the ske le ta l 
musc le , while t h e shape of the molecu le was found d i f fe ren t . HOFFMANN—BERLING (1955) 
p roduced a f ibre s y s t e m similar to myof ib r i l s f rom g lycer ina ted sperm and b y SZENT-GYÖRGYI'S 
m e t h o d isolated f r o m i t a myos in- l ike ma t t e r d i sp lay ing ATP-ase a c t i v i t y which be longed 
t o t he system of f i b r e s rising f r o m t h e tail . 
In the E l e c t r o n Microscope- a n d X-ray L a b o r a t o r y of the U n i v e r s i t y of Agr i cu l tu r a l 
Sciences, Gödöllő, u l t r a s t r u c t u r e , s u r f a c e charge cond i t ions and dens i ty d is t r ibu t ion of i n n e r 
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material in t he bull sperm were studied in the las t ten years by VERES (1968, 1969). I t was this 
study t h a t inspired our invest igat ions towards pro te ins playing a role in the m o v e m e n t s of 
sperm. We set the aim of isolat ing spermosin of a degree of p u r i t y corresponding t o t h a t of 
myosin, ident i fy ing it and compar ing its proper t ies to those of the myosin. 
Spermosin was p roduced by start ing f r o m a mixture of bul l ejaculates. In o u r experi-
ments 20 40 ml of fresh e jacu la te derived f r o m 3 — 8 bulls was cooled to 0—4 °C a n d diluted 
with cold 0.15 M NaCl solution to a 4—5 fold vo lume. The cellular e lements were cen t r i fuged at 
3000 g (for 15 minutes) and t h e supernatant t h r o w n away. The precipi ta te was suspended 
again to the fo rmer volume and washing repea ted . Sperm washed o u t was mixed w i t h 0.15 M 
NaCl of tenfold volume, p H ad jus t ed to 7.6 wi th 20 mMTris —HCl buf fe r , and the suspended 
sperm dis integrated with u l t rason ic t r e a tmen t (7 kilocycle, 10 minutes ) to head- and tail 
par ts . Ul t rasonic t reated suspension was cent r i fuged for 3 minu tes a t 300 g and t h e greyish 
residue conta in ing the head p a r t discarded. The procedure was r e p e a t e d by cent r i fuging for 4 
minutes a t 400 g. The tail p a r t was gathered f r o m the opalescent supe rna t an t by cen t r i fug ing 
for 20 minutes a t 5000 g, t h e n the supernatant discarded. The res idue consisting of t h e tail 
par t was found bu t occasionally to contain spe rm heads and sperms injured during the pro-
cedure. On the basis of the muscle myosin procedure with SZENT-GYÖRGYI'S (1949) method 
modified by PORTZEHL et al. (1950) through a 10 minutes ex t rac t ion process spermosin was 
produced f r o m the precipi tate containing the ta i l par t s . Spermosin was precipi tated di luted 
with distilled water to a ra t io 11 : 1, and a f t e r t he décantat ion the precipitate ga the red by 
centrifuge for 10 minutes a t 3000 g. After solut ion the spermosin f ract ion corresponding to 
actomyosin was precipi tated b y having been di lu ted to 0.26 M KCl concentrat ion, and removed 
from the spermosin by centr i fuging at 3000 g for 10 min. The spermosin was diluted t o a con-
centration of 0.03 M KCl, p rec ip i ta ted again, ga thered in a ref r iga ted centrifuge at 3000 g for 
30 mill and soluted again in 0.5 M KCl to a concentra t ion corresponding to 5—10 mg pro te in /ml . 
The ATP-ase activi ty of spermosin was determined according to HOLLAND PERRY'S 
(1969) technique in the presence of Ca or Mg ions respectively. The inorganic phosphate released 
by the ac t iv i ty was determined by the method of FISKE— SUBBAROW (1925), but the reduc t ion 
was per formed by the ascorbic acid method, modif ied by LOWRY et а/. (1954). T h e Cholin-
esterase ac t iv i ty of spermosin was measured w i t h HESTERIN'S (1949) method. The protein 
content was calculated f rom ul t raviole t absorpt ion at 280 nm, and af ter Kjeldahl ' s me thod 
of total n i t rogen determinat ion. Chromatographic separat ion of spermosin was per formed on a 
DFAE-cellulose column as described subsequently in detail. 
When s tar t ing f rom 20 ml ejaculate we obta ined an average of 10—20 mg spermos in 
purified twice by precipi tat ion. Thus , with the view of continuing purif icat ion by chromatog-
raphy at least 50 ml ejaculate should be used in order to obtain suff ic ient amount of prote in 
for the examina t ion of the isolated spermosin. T h e enzyme act iv i ty of spermosin d i f fe r s f rom 
that of the myosin in the skeletal muscles of r abb i t s , since spermosin is act ivated b o t h by 
Ca"'""'' and Mg"'""'" ions. Besides, t he specific ac t iv i ty of similar f r ac t ions is also higher t h a n tha t 
of the r a b b i t myosin. 
Released inorganic phosphate micromol/mg protein/min. 
Ca+ + Mg"S+ without ions 
Spermosin 
Myosin 
0 . 2 4 5 
0.210 
0.205 
0.000* 
0 . 0 9 
0 . 0 5 
* non detectable 
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1. Ul t raviole t spectra and d i f ference-ext inc t ion s p e c t r a of spermosin before ch roma tog -
raphic s e p a r a t i o n . . - - . a t p H 7; X - -X a t p H 13; Д - -A^d i f f e r ence spectra 
2. C h r o m a t o g r a p h y of the spe rmos in on t h e DEAE-cel lulose "co lumn. . - - . E 2 8 0 ; 
X - -X E 2 G 0 
3. U l t rav io le t spec t ra and d i f fe rence-ext inc t ion spec t r a of ch roma tograph ied spermosin 
. - - . a t pH 7; Х - - X a t pH 13; Л - Д difference s p e c t r a 
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ATP-ase a c t i v i t y of spermosin a n d myosin in t h e skeletal muscles of rabbi t s in t h e 
presence of Ca + + a n d M g + + ions. R e a c t i o n mix ture : 25 m l Tris—HCl ( p H 7.6) 2.5 mM СаС12, 
o r MgCl,, 0.05 M KCl , 0.5—2.0 m g / m l prote in , i n c u b a t i o n a t 25 °C (5 m i n u t e s ) and r eac t ion 
s t a r t e d with 0.5 m M ATP. Tota l v o l u m e is 2 ml. S topped with 2 ml 2 0 % TCA. Inorgan ic 
p h o s p h a t e con ten t de te rmined f rom 2 ml f i l t ra te . 
The ATP-ase ac t iv i ty of spc rmos in is sensitive to detergents — similarly to t h a t of 
myos in — ; 0.2 m M dodeci l -sulphate decreases the ac t iv i t y by 20% while 0.7 mM by 7 0 — 8 0 % . 
T h e fract ion cor responding to ac tomyos in though conta ining a cons iderable a m o u n t of 
con tamina t ion — shows an ATP-ase ac t iv i ty of near ly t he same e x t e n t as spermosin does. 
Neither t h e spermosin nor t h e spermo-ac tomyos in have any acetyl-chol in-esterase 
ac t iv i ty . After 1 h o u r cen t r i fuga t ion at 105 000 g spe rmos in ceases to be opalescent and some 
prec ip i ta te can be f o u n d at the b o t t o m of the tube , while a considerable a m o u n t of f loceule 
on the surface of t h e spermosin so lu t ion . The la t ter con ta ins much l ipoid and little p ro t e in , 
while the p rec ip i t a t e a t the b o t t o m only a negligible a m o u n t of lipoid. 
Spermosin w h e n separated on a DEAE-cel lu lose column a f t e r MOKEY et al. (1967) 
gives no sa t i s f ac to ry resul t ; the m e t h o d was developed for myosin. N a m e l y , on a co lumn 
equi l ibra ted with 0.04 M p y r o p h o s p h a t e buffer , spe rmos in dialysed aga ins t a buffer of t h e 
s a m e concent ra t ion is bound only to a b o u t 30—40%, a n d the main f r ac t ion considered spermo-
sin already e luates a t t he initial concen t r a t ion of the N a C l gradient . 
A sa t i s fac to ry result was o b t a i n e d with t he fol lowing me thod . T h e spermosin was 
d ia lysed against 0.02 M py rophospha t e buf fe r (pH 7.6) and the DEAE-ce l lu lose column (0.6 
c m X 10 cm) equ i l i b r a t ed with p h o s p h a t e buffer . This column is able t o sepa ra te the t o t a l 
a m o u n t of 60 70 m g spermosin. T h e small amount of p ro te in t h a t c a n n o t he bound has no 
ATP-ase ac t iv i ty . E l u t i o n is s t a r t ed w i t h py rophospha t e buf fe r of 0.02 M which af ter a 4—5 
fold column vo lume does not elute m u c h mat te r . T h e n elut ion is con t inued wi th a bu f fe r of 
KCl content as seen in Eig. 2. An a m o u n t of five co lumn volume of e lu t ion solut ions is enough 
w h e n 10—20 mg spermos in is applied to the column. F ig . 1 shows the u l t r av io le t - and dif fer-
ence-ext inct ion s p e c t r a of myosin app l ied to a DEAE-ce l lu lose column. 
On the c h r o m a t o g r a m shown b y Fig. 2 elut ion of spermosin occurs a t peak IV. W i t h 
f r a c t i o n IV about 7 0 % of the applied m a t t e r is e luted. Solut ions p repared wi th higher concen-
t r a t i o n s of KCl u p t o 0.7 M do not e lu t e more protein or any other subs tances . Therefore we 
p e r f o r m elution w i t h 1 M and 2 M KCl solution respec t ive ly which resu l t s lipids ins tead of 
p ro te ins . Some 1 0 — 1 5 % of the m a t t e r t h a t remained on t he column is o b t a i n e d only dur ing 
t h e regenerat ion of t h e column. We collected 2.1 ml f r a c t i o n s . 
Percentage d i s t r ibu t ion of spermos in f rac t ions and the quo t i en t s of E i )8n/E. ; (-0 a re 
p resen ted in Fig. 2. 
Fract ion I — though displaying an ATP-ase a c t i v i t y — shows a t least four compo-
n e n t s . 70% of t he A T P - a s e activi ty is displayed by f r a c t i o n IV. Frac t ions V and VI have no 
ATP-ase act ivi ty a n d their protein c o n t e n t is ins igni f icant . In the course of t he elution t he 
E2 g 0Eoß() quot ien t rose considerably over 1.0 only in f r a c t i o n IV and to a lower ex ten t in 
f r a c t i o n I I . I t s A T P - a s e activity is n o t known due to i t s small amoun t . R a b b i t myosin has 
ATP-ase act ivi ty a t t h e place 111 too , b u t here it is a b s e n t . 
Ultraviolet a n d d i f ference-ext inc t ion spectra of f r ac t i on IV arc shown by Fig. 3. T h e 
s p e c t r a shows h a r d l y a n y difference f r o m the non-chromatograph ied spe rmos in in Fig. 1, 
t h o u g h its quo t i en t ha s risen f rom 1.02 to 1.20. N a m e l y , the fract ions of spermosin con ta in 
l i t t le of aromat ic a m i n o acids as s h o w n b y the basic spec t r a and the d i f fe rence ex t inc t ion 
spec t r a . I t is a h igh ext inc t ion va lue t h a t corresponds t o 1 mg protein. (1 m g : 2.21 E. ) g 0 a t 
p H 7, af ter K j e l d a h l ' s prote in values ca lcula ted front N con ten t . ) 
Spermosin f o r m s a complex w i t h t he skeletal musc le -ac t in of r a b b i t s and its v iscosi ty 
increases . Under t h e influence of A T P the viscosity shows a decrease of va lue in Os twald ' s 
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viscosimeter of 2 ml vo lume a n d 30 sec f low t i m e . However , m a n y d a t a are still r e q u i r e d for 
calcula t ing a n d checking t h e specif ic values. N a m e l y , spermosin shows a much lower specific 
viscosity t h a n r abb i t -myos in , which suggests t h a t the shape of t h e molecule is d i f f e r e n t and 
may no t be as asymmet r ica l as in the myosin. 
The presen t paper descr ibes the c h r o m a t o g r a p h i c e lu t ion of spermosin. T h e crude 
spermosin pur i f i ed with r e p e a t e d prec ip i ta t ion still conta ins m u c h c o n t a m i n a t i o n and 
lipids. A p a r t of the c o n t a m i n a t i o n can be r e m o v e d by being u l t r acen t r i fuged (a t 100 000 g, 
for an hour a t 0 °C). Most l ip ids accumula te as f loccules on the su r face of the l iqu id , while a 
smaller a m o u n t of dena tu ra l i zed protein p rec ip i t a t e s a t the b o t t o m of the cen t r i fuge t u b e . 
When s e p a r a t e d on DEAE-ce l lu lose column t h e u l t r acen t r i fuged spermosin gives m o r e f r ac -
tions. On t h e basis of a c t i v i t y measured 7 0 % of t h e spermosin is conta ined in f r a c t i o n IV, 
while according to the e x t i n c t i o n value only 2 5 % . F r o m the DEAE-ce l lu lose column in f r ac t ion 
1 about 2 0 % of the spe rmos in is eluted is l ipopro te id . The 280/260 quot ien t of spermos in 
obtained b y c h r o m a t o g r a p h y ( f rac t ion IV) rises f r o m 0.98 to 1.20 dur ing elut ion. T h e rise is 
the consequence of the r emova l of f ract ions V a n d VI . The two l a t t e r f ract ions a re : l ipid and 
f a t t y acids. The spermosin shows low in tens i ty m a x i m u m and m i n i m u m bo th a t p H 7 and 
p H 13 which suggests t h a t spermos in m a y still con ta in some lipid t h a t covers t he u l t r av io l e t 
absorpt ion of a romat ic amino acids. Indeed, d u r i n g the lengthy process of spermosin dialysis 
some lipid can be concent ra ted and isolated f r o m the dialysing l iqu id , while the A T P - a s e activ-
ity decreases parallel ly. O u r invest igat ions suggest t ha t spermos in is a highly in t eg ra ted 
molecule of complicated s t r u c t u r e . 
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SOME O B S E R V A T I O N S ON T H E P E R I D E R M F O R M A T I O N O F B U D 
SCALES IN S Y R I N G A V U L G A R I S L. 
As i t is known t h e development of t h e periderm w h i c h protects t he o l d e r roots and 
s tems as well as f ru i t s a g a i n s t the e n v i r o n m e n t a l condit ions and lenticel — w h i c h perforins 
ven t i l a t ion can he t r a c e d back to the a c t i v i t y of phellogen in i t ia ted in the ep ide rmis , adja-
cen t or still deeper t i s sue regions (ARTSCHWAGER 1918, CLEMENTS 1935, MCDANIELS 1937, 
E A M E S — M C D A N I E L S 1 9 4 7 , W U T Z 1 9 5 5 , E S A U 1 9 6 0 , K A U S S M A N N 1 9 6 9 ) . P h e l l e m d e v e l o p s 
s imilar ly in petioles a t t h e end of s u m m e r , prior to the absciss ion of leaves (WYI.IE 1930), 
as well as a t the a b a x i a l side of hud scales . As to the l a t t e r , in addition t o t h e i r biological 
f u n c t i o n s and morpholog ica l features, t h e i r t issue s t ructure w a s also described (SCHACHT 1856, 
T R E C U L 1 8 5 3 , M I K O S C H 1 8 7 7 , H A B E R L A N D T 1 9 0 9 ) . 
W i t h these r e su l t s t aken in cons ide ra t ion the a u t h o r s carried out e x a m i n a t i o n s on 
Syringa vulgaris L. w i t h t h e aim of a c q u i r i n g a better k n o w l e d g e of the d e v e l o p m e n t of bud 
scale p e r i d e r m or ana logous tissues. 
F o r this purpose Syringa buds of v a r i o u s developmenta l s tage were e m b e d d e d in paraf f in 
wi th t h e usual mic ro techn ica l procedure , a n d details s t u d i e d on microtom sec t ion series. 
Microphotos were t a k e n of certain charac te r i s t i c stages in d e v e l o p m e n t . 
On the young v e g e t a t i v e shoots of Syringa vulgaris s evera l weeks a f t e r t h e i r develop-
ment — generally a t t h e end of April or beg inn ing of May — the re starts a d i f f e ren t i a t ion of 
the nex t year ' s leaf- a n d mixed buds. Oil t h e earliest ( lowest) nodes r u d i m e n t a r y leaves, the 
wel l -known bud scales a p p e a r crosswise, in an opposite pos i t ion and cover ing each other . 
S o m e w h a t higher, on t h e n e x t four th , f i f t h a n d sixth nodes, t he blades of l e a f -p r imord ia arc 
a l ready larger. Fu r the r pr imordia can be examined only w i t h preparat ion, t h e y have young 
pet io les too . At an ear ly s t age all bud scales are green just l ike t he young s t em ax i s . In early 
J u n e t h e s tem axis beg ins to become b r o w n , and s o m e w h a t later the s a m e process can 
be obse rved on the y o u n g b u d s too. This p rocess of b rown ing s t a r t s on the l o w e r h u d scales, 
a t t he i r abaxial sides, t h e n the same can be observed on t h e h u d scales of the n e x t nodes too. 
Dissec ted buds reveal, h o w e v e r , tha t o n l y t h e free upper t h i r d of the upper b u d scales gets 
b rown a t the abaxial s ide , while basal p a r t s covered by t h e lower bud scales r e m a i n green. 
B u d scales of the f i f t h a n d s ix th nodes show only small b r o w n spots at the t i p s . O n the other 
h a n d , pr imordia of t h e typ ica l fu tu re fol iage leaves r e m a i n total ly light g reen under the 
cover ing bud scales ( F i g . 1). 
Tu rn ing to the his tological examina t ions , quite y o u n g a n d completely g reen hud scales 
are f i r s t described. B u d scales are covered wi th epidermis consisting of smal l cells, at the 
adax ia l - and abaxial s ides equal ly. At t he abax ia l side a t h i c k cuticle develops w h i c h appears 
in a t h i n n e r layer on t h e u p p e r scales. The mesophyl lum is of homogeneous s t r u c t u r e , i ts square 
cells are meris temat ic . P rocambia l d i f f e ren t i a t ion of the v a s c u l a r tissue h a s j u s t s tar ted. 
As to t h e tissue s t r u c t u r e the re are some differences be tween h u d scales cover ing each other. 
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Fig. 1. P a r t of a Syringa vulgaris shoo t w i t h buds. B u d scales separated f r o m the bud ; 
T h e sequence of deve lopment of the b u d scales is a d v a n c e d from u p w a r d to down. 
(N 1 : 2) 
Mesophyl l of the l owermos t bud scales cons i s t s of 24 25 cell layers. Higher u p , h u d scales a t 
t h e f o u r t h node are 13—14 cell-row th i ck , while those at t h e sixth node as wel l as foliage 
leaf p r inwrd ia have a mesophyl l with 11 12 cell rows. 
W h e n the s t e m axis begins to b e c o m e brow n i m p o r t a n t cytological c h a n g e s occur in the 
h u d scales too. I n the lower hud scales, a t t h e abaxial side, in t h e mesophyllic cell-row adjacent 
t o t h e epidermis m a t u r a t i o n of cells decreases , then a p l a s m a accumulat ion s t a r t s followed by 
nuc l ea r division w i t h cen t r a l spindle pe rpend icu la r to t h e surface , and pe r i c l ina l cell wall 
d e v e l o p m e n t (Fig. 2). I n a short t ime th i s cell division t a k e s p lace in groups cons is t ing of 3 — 4 
cells (Fig. 3). A m o n g t he developing cells t he outer one g r o w s radially, b e c o m e s gradually 
c o n s t a n t and develops vacuoles, while t h e inner one soon d iv ides again. Ou t of t h e two new 
cells t h e outer one becomes constant aga in , while the inner one maintains for a wh i l e its ability 
t o d iv ide . So 3—4 cell-rows develop o u t w a r d s (Fig. 4). A c o r k y matter set t les i n t he walls of 
t h e s e cells, in the course of their d i f fe ren t i a t ion shown by a r e d colour produced w i t h Sudan I I I 
t r e a t m e n t . Under t h e inf luence of E h r l i c h ' s haematoxyl in t h i s cork tissue s h o w s a slight 
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Fig. 2. Pa r t of a Syringa vulgaris b u d scale (first node) f rom the adaxia l side, e ep idermis ; 
m mesophy l l : cu cuticle (480 X ) 
Fig. 3. Subepidermal development of phel logen at the a d a x i a l side of the h u d scale, e adax ia l 
epidermis; se subepidermal l aye r (480X) 
colour ing, so it can be well dis t inguished f rom both t h e phellogen a n d mesophyl l . Above 
t he developed p e r i d e r m there remains t he epidermis, w i t h the r a t h e r t h i ck cuticle even 
when the bud scales a r e ful ly developed (Fig. 4). 
The deve lopmen t of phellogen, a n d with it a process of de-di f ferent ia t ion and re-dif-
f e ren t i a t ion similar t o t he former one do not take p lace , especially t o w a r d s t he t ips of t he 
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Fig. 4. P a r t of pe r ide rm in a b u d scale developed a t t he second node , e epidermis; ph phel lem; 
p phel logen; m mesophyl l 
Fig. 5. Per iderm a t t he side of the lowest b u d scale (pe). cells in t he apical p a r t (a) became 
suberized (160 X ) 
lower b u d scales. S t a r t i n g f rom the tips of b u d scales mesophyl l cells become intensively 
vacuol ized, the p l a sma wi th the chloroplasts is res t r ic ted to the side of the cell-wall, and the 
deve lopmen t of the cell-wall changes. Under t h e inf luence of Ehr l i ch ' s l i aematoxyl in , with 
which t he section series were s ta ined, cell-walls of these cells showed no colouring, o n t h e other 
h a n d , t h e Sudan I I I t r e a t m e n t produced a red colour. Such suber iza t ion of cells — analogous 
wi th t he exoderm — advances basipetal ly and mee t s the paral lel ly developing p e r i d e r m tissue 
a t t he middle of the leaf (Fig. 5). The t issue region of the mesophyl l above t he p e r i d e r m is 
buil t of cellulose-walled and chloroplas t -conta in ing pa renchyma . 
I n the bud scalcs of the u p p e r (3— 4) nodes —as it has been a l ready mentioned - brow ning 
occurs only on the f ree apical p a r t , at the a b a x i a l side. The basa l pa r t covered b y t he bud 
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scales of the lower nodes is covered with epidermis even af ter full deve lopment . In t h e apical 
pa r t of b u d scales, in the subep idermal cell-row of the mesophyl l the cells r ega in their 
abili ty to d iv ide and act as a phel logen (Fig. 6). By unip leura l division t hey develop a phe l l em 
of 3—4 cell-rows u n d e r the cuticle-covered epidermis . 
Somet imes in the b u d scales of upper n o d e s phellogen deve loped in the d i r ec t ion of 
s t oma ta con ta ined by the ep idermis produces loose f i l l ing cells i n s t e a d of producing phe l l em. 
Fig. 6. P a r t of a b u d scale a t t he f o u r t h node. Be low only epidermis (e), higher u p p e r i d e r m 
( p e ) and epidermis ( e ) ( 4 6 0 X ) 
Fig. 7. P a r t of lenticel and per iderm f rom a bud scale a t the four th node , e epidermis; ph phel-
l em; p phe l logen; m mesophyl l ; t fil l ing cells ( 3 2 0 x ) 
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T h e s e cells press t h e epidermis o u t w a r d s which f i r s t prot rudes , t h e n burs t s and deve lops 
l en t i ce l s of r a t h e r r e g u l a r s t ruc ture . L a t e r they b e c o m e organically connec ted with t he s imul -
t a n e o u s l y developed phellem (Fig. 7). 
Summing u p t h e results of t h e examina t ions i t c a n he establ ished t h a t the l o w e r m o t e 
b u d scales of S y r i n g a vulgar is b u d s a r e covered m o s t l y w i t h per iderm a t t h e abaxial side, whis 
o n t h e apical p a r t in the course of format ion - cclls become suber ized analogously w i t h 
t h e exoderm. B a s a l p a r t s of bud scales a t the upper n o d e s which are covered by the lower b u l d 
sca les remain c o v e r e d with ep idermis , h u t in the f r e e leaf blade p e r i d e r m develops a n d , in 
a d d i t i o n , lenticels a r e produced. I n t h e apical p a r t of these leaves suber iza t ion in t h e cell-
wa l l s of ma tu red cells can also be obse rved . Cover ing of the upper h u d scales f i r s t w i t h epi-
d e r m i s , and t h e n w i t h periderm s h o w s the direct i n f l uenc ing effect of envi ronment m a n i f e s t 
e v e n in such t i ny o r g a n s . 
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R E A C T I V A T I O N O F D I A P A U S I N G LARVAE O F 
C A R P O C A P S A P O M O N E L L A L. ( L E P . : T O R T R I C I D A E ) 
One of t h e b a s i c requi rements of a world-wide in t roduc t ion of genet ica l control m e t h o d s 
a g a i n s t major p e s t s is to e labora te an artificial l a b o r a t o r y mass- rear ing of the i n d i v i d u a l 
species . The f i r s t p recondi t ion of t h e e laborat ion of mass - rear ing m e t h o d is the precise k n o w -
l edge of ecological f a c t o r s regulat ing t h e evolut ionary course of the species. As regards C. pomo-
nella BOGNÁR ( 1 9 6 2 ) , R u s s ( 1 9 6 6 ) , J E R M Y ( 1 9 6 7 ) a n d W I L D B O L Z — R I G G E N B A C H ( 1 9 6 9 ) — t o 
m e n t i o n only t h e m o s t impor tant a u t h o r s — car r ied o u t detailed ecological examina t ions . 
In our inves t iga t ions the r e a c t i v a t i o n of C. pomonella l a rvae r e t i r ing to d i a p a u s e a t 
d i f f e r e n t t imes w a s studied. Our exper iments were a imed at d e t e r m i n i n g the t ime when 
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l a b o r a t o r y rearing of l a rvae d iapaus ing in the open field can s t a r t . By this the t i m e of beginning 
of t h e laboratory mass - rea r ing can also be de termined. 
To s tar t t he l a b o r a t o r y mass - r ea r ing of C. pomonella as early as possible it is very 
i m p o r t a n t to know t h e dura t ion of d i a p a u s e required for the reac t iva t ion of l a r v a e diapausing 
in t h e open field. To clear this ques t ion , d iapausing l a rvae collected in s u m m e r and stored in 
J e r m y ' s wintering cage in the open a i r were placed for d i f f e r en t periods in a the rmos ta t of 
23 °C tempera ture . Resu l t s are s u m m a r i z e d on Table 1. 
Among the d a t a of the table t h e n u m b e r of d a y s be tween the t ime of placing larvae 
in t h e the rmos ta t a n d t h e t ime of a 50 p e r cent appearance of imagos is t he m o s t suitable to 
be t h e basis of e v a l u a t i o n . Three g r o u p s can be dis t inguished accordingly: 1) populat ion 
o r ig ina t ing from l a r v a e placed at 23 °C on 15th Sep tember , 2) be tween 1st December and 
Table I 
Data of a reactivation experiment on diapausing larvae of С., pomonella 
T i m e of placing larvae 
diapausing in an open -
air-cage at 23 °C 
temperature 
First 
imago 
Last 
appeared 
50 per cent 
of imagos 
appeared 
Number of 
days of 
swarming 
Time of taking off the 
eater-pillar catching 
belts 
S e p t e m b e r 15 Dec. 21. 
97 days* 
F e b r . 7. 
145 days 
J a n . 17. 
124 days 
48 Aug. 26. 
D e c e m b e r 1 J a n . 3. 
33 
F e b r . 8. 
69 
J a n . 31. 
61 
36 Aug . 18 
December 18 J a n . 16 
30 
F e b r . 19 
64 
Febr . 7 
52 
34 J u l y 27 
J a n u a r y 4 Febr . 18 
36 
March 18 
75 
Febr . 29 
57 
39 J u l y 6 
J a n u a r y 16 Febr . 17 
33 
March 25 
70 
March 11 
56 
37 J u l y 13 27 
F e b r u a r y 1 Febr . 21 
20 
Apr i l 9 
68 
March 18 
46 
48 J u l y 27 
F e b r u a r y 15 March 6 
21 
Apr i l 16 
62 
March 27 
42 
41 J u l y 27 
M a r c h 1 March 21 
20 
May 7 
68 
March 27 
27 
48 J uly 5 
M a r c h 18 April 5 
19 
M a y 14 
58 
April 11 
25 
39 J u l y 13: Aug. 5 
Apr i l 1 Apri l 13 
13 
Apr i l 26 
26 
April 17 
17 
13 J u l y 6; Aug. 11 
Apr i l 16 April 26 
10 
M a y 13 
28 
April 29 
14 
18 Aug. 11; Aug. 18 
* Number of d a y s f r o m the t ime of placing l a rvae at 23 °C t empe ra tu r e 
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1 5 t h F e b r u a r y and 3) a l t e r March 1. I t is v e r y in t e res t ing t h a t t h e r e is h a r d l y a n y d i f fe rence 
in t h e d u r a t i o n of s w a r m i n g a m o n g p o p u l a t i o n s placed in t h e t h e r m o s t a t b e f o r e Apr i l 1. 
F r o m the poin t of view of s t a r t i n g mass - r ea r ing t h e s e r e s u l t s show t h a t r e p r o d u c t i o n 
of d i a p a u s i r i g la rvae k e p t in the open f i e l d ha s to be s t a r t e d a t t h e b e g i n n i n g of December . 
P r e p a r e d in t h e L a b o r a t o r y of t h e R e s e a r c h I n s t i t u t e fo r P l a n t P r o t e c t i o n . Kesz the ly 
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T H E B I O M E T R I C A L D E T E R M I N A T I O N O F T H E P R O P O R T I O N S 
O F A G R O T E C H N I C A L A N D N A T U R A L F A C T O R S O N Л M O D E L 
O F A L F A L F A S E E D P R O D U C T I O N 
F r o m the po in t of v iew of p r o d u c t i v i t y we cons idered it ve ry i m p o r t a n t t o d e t e r m i n e 
t h e p r o p o r t i o n s of the t w o g roups of f a c t o r s (agro technica l a n d n a t u r a l ) wh ich a re of decisive 
i m p o r t a n c e in alfalfa s eed p r o d u c t i o n . F o r t h e pu rpose of a c o m p a r a t i v e e v a l u a t i o n of pro-
p o r t i o n s of fac tors i n f l u e n c i n g the t r e n d s of yield, ave rages p e r c a d a s t r a l y o k e (0.65 ha ) were 
e x p r e s s e d bo th ill a l i nea r e q u a t i o n a n d a p o w e r func t ion on t h e basis of d a t a o b t a i n e d f r o m 
f a r m s . 
T h e m a t h e m a t i c a l ana lys i s b a s e d o n h iometr ica l c a l c u l a t i o n s (SEBESTYÉN 1962, SVÁB 
1967) w a s in essent ia l s re la ted to a l f a l f a seed p r o d u c t i o n as a model . T h e m a t h e m a t i c a l 
a n a l y s i s w a s aimed a t d e t e r m i n i n g w h i c h of the two g r o u p s of f a c t o r s ( ag ro t echn i ca l and 
n a t u r a l ) h a d a g rea te r i n f l u e n c e on t he p e r c a d a s t r a l yoke yield averages . 
B iomet r i ca l s u r v e y i n g was ca r r i ed o u t in f ive c o u n t i e s of t h e Grea t H u n g a r i a n Plain , 
in 38 coope ra t ive f a r m s , b y us ing q u e s t i o n n a i r e s wi th p r e d e t e r m i n e d ques t ions . P r i o r to pro-
c e s s i n g d a t a were con t ro l l ed f rom m o r e t h a n one side. T h e f a c t o r s s tud ied can b e d iv ided into 
t w o g r o u p s : 
I. Q u a n t i t a t i v e fae tors 
1) The p H - v a l u e of t he soil, 2) n u m b e r of r a iny d a y s a t t h e t i m e of m a s s f lower ing , 
3) n u m b e r of hot d a y s w i t h t e m p e r a t u r e s o v e r 30 °C-at t h e t i m e of mass f l o w e r i n g , 4) yield 
a v e r a g e of whea t ( q / c a d a s t r a l yoke) , 5) a m o u n t of p r e c i p i t a t i o n 2 m o n t h s b e f o r e h a r v e s t , in 
case of t h e second g r o w t h , 6) a m o u n t of p r e c i p i t a t i o n 2 m o n t h s before h a r v e s t , in case of the 
t h i r d g r o w t h , 7) p e r c e n t a g e of a l fa l fa a r e a t o t o t a l a rab le , 8) n u m b e r of d a y s b e t w e e n mowing 
a n d d u s t i n g the s t u b b i e f i e l d . 9) n u m b e r of a n i m a l pes ts f o u n d in 20 u n i t s , 10) p e r h o u r average 
s p e e d of combines w h e n h a r v e s t i n g ( k m / h o u r ) . 
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I I . Quali tat ive fac tors 
1) The dodde r control , 2) c h e m i c a l weed control , 3) hand ne t t ing , 4) applicat ion of 
a t t r a c t i n g zones (in 1967), 5) defol ia t ion (in 1967), 6) h a r v e s t i n g method (one- or two-course), 
7) p r epa ra t i on and f u l f i l m e n t of a p l a n t protect ion p l an , 8) which of t he g r o w t h s (second or 
t h i r d ) produced t he seed, 9) skill, 10) i m p o r t a n c e of soil m a p . 
By the m a t h e m a t i c a l analysis of t h e effects of t h e 10 quan t i t a t i ve f a c t o r s we w a n t e d 
t o a t t a i n a double a i m : 
1) to de te rmine the extent to w h i c h the individual f ac to rs inf luenced t h e yield a m o u n t 
p e r cadas t r a l yoke of seed produc t ion , 
2) to de te rmine which of the t w o groups of fac tors (six na tu ra l and f o u r agroteclinical) 
h a s a greater in f luence on seed p r o d u c t i o n . 
When examin ing the effects of t h e 10 qual i ta t ive f ac to r s , 2 va r i an t s e a c h of 8 of the 10 
e x a m i n e d factors were s tudied. 
The ratio b e t w e e n the effects of t h e two groups of f ac to r s was expressed b o t h wi th a 
l inea r equat ion and a power funct ion . I n b o t h cases we s t a r t e d f rom a mul t ip le regression equa-
t i on containing six a n d four i n d e p e n d e n t var iables der ived f r o m the six n a t u r a l and four agro-
t e c h n i c a l factors respect ive ly . The n a t u r a l factors (R t ) a n d agrotechnical v a l u e s (dependent of 
h u m a n will R m ) were compared in t h e r a t i o of the squares of mult iple cor re la t ion coefficients 
The mult iple correlat ion coef f i c i en t s obtained w i t h the two m e t h o d s of calculation 
p r o v e d significant in every case. The re was a minor d i f fe rence found be tween the two years 
e x a m i n e d . The 1967 d a t a showed a closer correlation t h a n those of 1966. I t is r emarkab le t h a t 
t h e R values of the f o u r (human d e p e n d e n t ) agrotechnical f ac to rs were in b o t h years consider-
ab ly higher than those of the na tu ra l f a c t o r s with bo th m e t h o d s . This suggests t h a t agrotechni-
cal f a c to r s have a m u c h greater i n f luence on alfalfa seed p roduc t i on t han t h e f ac to r s of na tu re , 
as ind ica ted by t h e hundred fo ld s q u a r e s of R-values con ta ined in Table 1. These percentage 
v a l u e s show the e x t e n t to which t he f a c t o r s examined — toge the r and in g r o u p s — influence 
t h e t r e n d s of the p e r cadas t r a l yoke y i e l d . 
Resul ts o b t a i n e d conf i rm our ear l ie r hypothesis , name ly , t h a t agro technica l f ac to rs 
a n d professional skill p l a y a more i m p o r t a n t role in the success of alfalfa seed p roduc t ion t h a n 
t he f ac to r s of na tu re . On the suppos i t ion t h a t the ef fects of the fac tors e x a m i n e d are nea r ly 
t h e same , and the i r be ing divided i n t o g r o u p s of 4 and 6 respect ively is acc iden ta l , regression 
ana lys i s calculated w i t h 6 factors shows a closer correlat ion t h a n agro technica l analysis calcu-
l a t e d wi th 4 factors . T a b l e 2 sums u p t h e pa r t i a l correla t ion coefficients w i t h all the 10 f ac to r s 
e x a m i n e d taken i n to consideration t o g e t h e r . As regards t h e mult iple cor re la t ion coefficients 
Squares of multiple correlation coefficients R2xl00 percentage determination coefficients 
(R? : Rm)-
Table 1 
Linear Power function 
Fac tors 
1966 1967 1966 1967 
10 toge the r R;, 
6 n a t u r a l R t 
m 
68.7 81.5 65.9 85.9 
32.4 47.8 27.8 48.0 
53.1 • 74.0 54.7 78.3 
38 : 62 34 : 66 39 : 61 38 : 62 
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the d a t a show a very close re la t ionship b e t w e e n seed p roduc t ion a n d the 10 fac to r s . I t must 
be e m p h a s i z e d t h a t t h e va lues of the mu l t i p l e correlat ion coef f ic ien ts ca lcula ted with the 
two d i f f e r e n t methods ( l inear and power f u n c t i o n ) corresponded wi th each o ther . 
Table 2 
Coefficients of partial and multiple correlations between seed production and agrolechnicul factors 
(F5% = 0.367 F G = 27 3 8 - 1 — 10) 
Factor 
Linear Power function 
i 
1466 1967 1966 1967 
1 p H - v a l u e of soil — 0.150 -0 .157 0.052 — 0.053 
2 N u m b e r of rainy d a y s a t mass 
f lower ing 0.496* 0.383* 0.373* -0 .401* 
3 N u m b e r of hot days over 30 °C, 
a t mass flowering - 0 . 0 4 5 0.188 0.001 0.186 
4 Yie ld average of whea t q/cad-
a s t r a l yoke - 0 . 3 4 2 0.098 0.232 0.172 
5 Prec ip i t a t ion 2 mon ths before 
h a r v e s t , with the second growth 0.299 0.289 0.287 0.414* 
6 Prec ip i t a t ion 2 m o n t h s before 
ha rves t , with the t h i r d growth - 0.362 — 0.303 0.147 — 0.462* 
7 Pe rcen tage alfalfa area to to ta l 
a r ab le 0.133 0.002 0.141 0.008 
8 N u m b e r of days f r o m mowing 
to stubble-field dus t ing 0.615* - 0 . 5 9 6 * - 0 . 5 6 5 * 0.578 
9 H a n d net t ing 1.124 — 0.208 0.092 0.037* 
10 Combine speed (km/hour ) when 
harves t ing 0.184 — 0.346 0.152 — 0.474 
R 0.829* 0.812* 0.812* 0.927* 
F (F ä % = 2.20) 5.915 11.935 5.223 16.443* 
A m o n g tbe 10 f ac to r s examined those t h a t proved to he s ignif icant in r e l a t ion to seed 
p r o d u c t i o n are the fol lowing: 1) number of r a iny days at the t i m e of mass f lower ing , 2) amount 
of p r e c i p i t a t i o n 2 m o n t h s before ha rves t in t he ease of the second growth , 3) the s ame , in the 
case of t h e th i rd growth , 4) n u m b e r of d a y s f r o m mowing to d u s t i n g the s tubble - f ie ld , 5) per 
hou r speed of the combine when harves t ing . 
I t is necessary to p o i n t out t ha t such an extensive b i o m e t r i c a l analysis of q u a n t i t a t i v e 
and qua l i t a t i ve factors is u n p r e c e d e n t e d in t he world l i te ra ture . T h e new method of evaluat ion 
was m a d e possible by t h e use of compute r . On t he basis of our m o d e l of alfalfa seed product ion 
i t is h igh ly probable t h a t in t h e case of a su rvey performed w i t h o t h e r cu l t iva ted p l a n t s using 
the s a m e method the agro techn ica l f ac to rs and professional skill together will aga in prove 
super ior to the factors of n a t u r e . Concerning t he m a t h e m a t i c a l mode l obtained b y biometr ical 
s u r v e y i n g in large-scale f a r m s it is necessary to no te t h a t the ana lysed 38 coopera t ive fa rms 
canno t be considered as a many- fac to r i a l e x p e r i m e n t with 38 p lo ts . Namely , t h e different 
levels of the 10 qua l i t a t ive fac tors are i r regu la r ly combined in t h e individual f a r m s , t ha t is 
why t he i r effects cannot be eva lua ted by a var iance-analys is a p p r o p r i a t e to the many- fac tor ia l 
design. Owing to the i r r e g u l a r (non-or thogonal ) combinat ion of t he levels of the fac tors , the 
resul t of a one-by-one e x a m i n a t i o n on t he e f fec t s of the d i f fe ren t f ac to rs may also conta in the 
e f fec ts of one or more f ac to r s , w i thou t giving informat ion on t he quan t i t a t i ve , correlative 
e x t e n t of these effects. 
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The higher ef fec t iv i ty of agro technica l fac tors p l ay ing a pa r t in a l fa l fa seed p r o d u c t i o n 
is the f i r s t ev idence of the b iomet r ica l d a t a which emphas izes the decisive i m p o r t a n c e of 
professional skill as compared wi th t h e fac to rs of n a t u r e . 
The grea t n u m b e r of l i terary d a t a on alfalfa seed p roduc t ion (BOLTON 1962, KEMENESY— 
MANNINGER 1966, VIRÁNYI 1964, 1967) do not make a n y suggestion of agro technica l appl ica-
t ion of professional knowledge being super ior to the n a t u r a l factors as r ega rds p roduc t i v i t y . 
T h u s the m a t h e m a t i c a l model has g iven a new possibi l i ty to evaluate correct ly the i m p o r t a n c e 
of h u m a n d e p e n d e n t agrotechnical f a c to r s on the basis of mult i - factor ial analysis . 
* 
Prepared b y t h e Nat ional I n s t i t u t e of A g r o b o t a n y , Tápiószele 
S . V I R Á N Y I 
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T H E F R I E N D S H I P O F K E P L E R A N D A. SZENCZI M O L N Á R 
Fr iendship is one of the h ighes t social re la t ions of man which exercises a decis ive 
inf luence on the deve lopmen t of b o t h ind iv idua l a n d society. I t is impossible to list all t h e 
resul t s our na t ion owes to the f r i endsh ip of o ther na t ions or to one or ano the r of the i r great sons . 
I t is becoming more and more clear t h a t a t r ue a n d profound f r i endsh ip be tween n a t i o n s 
wh ich also man i f e s t s itself in the i r m e m b e r s is an indispensable condi t ion for the surv iva l of 
m a n k i n d . 
The present p a p e r reports on t he f r i endsh ip of t w o g rea t scientists, who, a t the beg inn ing 
of the 17th c e n t u r y , in 1604 and 1605 in P rague , the cen t r e of the pol i t ical ly and religiously 
d iv ided Europe , a m i d s t wars gave t e s t i m o n y th rough t he very fac t of t he i r f r i endsh ip to t he 
u n i t e d European sp i r i t , to the cu l tu ra l and f r iendly re la t ions of ne ighbour ing na t ions . 
These two sc ient i s t s belonged to those who n o t only promoted t h e deve lopment of 
the i r nat ions and t h e whole of m a n k i n d wi th the i r ideas , discoveries and c rea t ive work, b u t 
also set an e x a m p l e of noble h u m a n a t t i t u d e . 
J o h a n n e s K e p l e r (1571 1630) was an epoch -mak ing German a s t r o n o m e r and m a t h e -
ma t i c i an . Dur ing his s tudies he b e c a m e the follower of Copernicus. He was appoin ted to a 
professorship in Graz . When the coun te r - r e fo rma t ion gained ground Kepler h a d to leave Graz 
owing to his ideas . F r o m 1601 he worked in P rague as a col laborator and close f r iend of Tyclui 
B r a h e whose a c q u a i n t a n c e he had m a d e th rough his ea r ly work: Mysterium cosmogrnphium 
(1596). In this work he already expressed his convic t ion abou t cer ta in laws controll ing t h e 
solar system. A f t e r T y c h o Brahe had died Kepler was appo in ted court a s t r o n o m e r and m a t h e -
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Fig. 1. P o r t r a i t of J o h a n n e s Kepler . After a l i t hog raph publ i shed in Kepler J . (1866): Opera 
omnia , vol. V I I I 
mat ic ian to emperor R u d o l p h I I . After Rudo lph ' s dea th he b e c a m e professor at the Un ive r s i t y 
of Linz. I t w a s Kepler who discovered the t h r ee most i m p o r t a n t laws of p l ane ta ry mo t ion . 
1. P l a n e t s move a r o u n d the sun on el l ipt ical orbi ts . T h e sun is in one of t he focuses. 
2. The m a i n rad ius (the s t r a i g h t line connect ing t he p lane t w i t h t he sun) moves over equa l 
areas in e q u a l t imes. Thus p l a n e t s move on t he i r respect ive o rb i t s wi th a higher speed when 
near the sun , and with a lower speed when f a r f r o m it . 3. The squa res of the p l ane t s ' per iods 
are in the s a m e propor t ion t o one another as t h e cubes of the i r average d is tances f r o m the 
sun, — b y wh ich he pe r fec ted Copernicus' he l iocent r ic p ic ture of t he world. His r e su l t s con-
cerning th is thesis are c o n t a i n e d in his two m a i n works: Aslronomia nova (New a s t r o n o m y , 
1609) and De harmonice mundi (On the h a r m o n y of the world, 1619).1 
The Allgemeine D e u t s c h e Biographie descr ibed Kepler ' s h u m a n character is t ics in the 
following w a y : " H e was a m a n who always w a n t e d the best a n d t he noblest and who never 
not even u n d e r terr ible b lows — lost comple te ly his op t imis t i c v iew of life which was due 
both to his t r u e phi losophical way of th inking a n d profound religiousness. '"-
The o the r great sc ient is t is Albert Szenczi Molnár (1574—1639), the H u n g a r i a n l inguis t , 
teacher , publ i sher , pas tor a n d schoolmaster .3 In one sentence we can best character ize h im by 
saying: " H e was a scientist u rged by an incessan t restlessness to raise the na t iona l cu l tu ra l 
1
 U j Magyar Lexikon . 
2
 Leipzig 1882. XV. vol . 
3
 M a g y a r Éle t ra jz i L e x i k o n . Dézsi op. cit . p. 4. 
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level ."4 A t t h e age of 16 he w e n t to Heidelberg and from t h a t t i m e 011 never s t o p p e d studying; 
he a lways r emained a s lave of books and a h u m b l e servant of publishing. A c c o r d i n g to one of 
the mos t t ho rough inves t iga to rs of his l i fe: " I t would be d i f f i c u l t to find a n o t h e r Hungar ian 
wr i t e r t r ave l l ing abroad t o whom the sources of culture a n d science revealed themse lves to 
such an e x t e n t and who m a d e the best of t h i s oppor tun i ty t h r o u g h o u t his l i f e . " 5 
His p a t h was not easy to walk on. H e a lmost became a legendary f igu re of migrat ion 
and h a r d s h i p . 6 He himself spoke of this: " F a r f rom home, pover ty-s t r icken he su f fe r s from 
il l-health a n d gives blessing, instead of l iv ing a t home; o f t e n i t is the fate of t h e sick to die 
f a r f r o m the i r native l and while giving bless ing and not to p a s s away at h o m e . " 7 
B u t why this wil l ingness to make s ac r i f i c e s? Why the "voluntar ium exilium", the self-
imposed exile ? The best answer to these ques t i ons was g iven b y Lajos Apri ly (1887—1967) 
Kossuth prize winner H u n g a r i a n poet: " T h e command of his sacrifice was: h a n d all you, 
l iving in p o v e r t y , have a c q u i r e d in rich c o u n t r i e s , over to the poo r Hungar ians s t rugg l ing with 
Turk i sh a n d T a r t a r d e v a s t a t i o n . And the b e a u t i f u l sacrifice of a 'Hungar ian g r o w n ou t of his 
village' commenced in t he self-imposed exi le . . . He began his d i f f icu l t work 011 a n un t rodden 
pa th wi th t he pride of t h r o w i n g light upon h i s hard ly-known n a t i o n in the i n t e l l ec tua l contest 
of more f o r t u n a t e nat ions . . . To equalize ! — sounded the w a r - c r y of Hungar ian v i t a l i t y from 
his res t less soul and t h e souls of Apáczai . Bessenyei, Kaz inczy , Széchenyi a n s w e r e d through 
the cen tu r i e s : To equalize !" 8 
A brief summary of his importance c a n be the fol lowing: The his tor ical ly impor tan t 
fac t of t h e t r u e , conscious discovery of H u n g a r i a n language is l inked with his n a m e . U p to the 
t ime of Leibniz , and even l a t e r , it was Szenczi Molnár who p r o v e d the right of t h e Hungar ian 
language to live. He was t h e Hungar ian source of the f i r s t researchers of F i n n o - U g r i a n lin-
guistic r e l a t ion . I t was he who with his L a t i n d ic t ionary and g r a m m a r created t h e precondi t ions 
of the sc ient i f ic s tudy of t he Hungarian l anguage , and s imul taneous ly c leared t he way to 
E o p e a n science for the Hungar ian in te l l igents ia ." His l inguis t ic effect cou ld be felt for 
centur ies . His revised L a t i n dictionary w a s in use unti l t h e midd le of the 1 9 t h c e n t u r y . His 
in f luence on the H u n g a r i a n literary l a n g n a g e and deve lopment of H u n g a r i a n poe t ry was 
epoch-mak ing . 1 0 
Besides all this he w as an efficient o r g a n i z e r and e d u c a t o r , and 011e of the m o s t impor tan t 
exper t s on cul tural pol icy. His life-work c a n only be e v a l u a t e d together w i t h t h e effect it 
exer ted 011 the young gene ra t ion of the c o n t e m p o r a r y H u n g a r i a n intell igentsia.1 1 According to 
his b iog raphe r s he had a sympathe t i c pe r sona l i t y . 
Th i s restless H u n g a r i a n , this great c h a r a c t e r of n a t i o n a l development a n d expert 011 
c u l t u r a l pol icy in his self- imposed exile m a d e f r i ends with sc ien t i s t s of European f a m e . Among 
them p e r h a p s the most i m p o r t a n t scientist a n d personality was Johannes K e p l e r . 
4
 A d a t t á r I. p. 5. 
5
 Turóczi-Trost ler , J . : Szenczi Molnár Albert Heidelbergben, p. 18. 
6
 Dézsi op. cit. p p . 218 219. 
7
 "Saepe solum natale miser felicius extra 
Aegrotat, quam si viveret in patria; 
Saepe solum natale mori felicius extra: 
Contigit aegrotis, quam periisse domif 
Loci communes, 198. 
Szenczi Molnár A lbe r t Naplója, Levelezése . . . p. 112. 
8
 Incze , G. op. ci t . p p . 10—15. 
9
 Turóczi-Trost ler : Szenczi Molnár A lbe r t Heidelbergben. p. 152. M a g y a r Életrajzi 
Lexikon. 
1 0
 Sza thmár i , I . op . cit. p. 354. 
11
 A d a t t á r I. p. 103. 
12
 T o l d y , F. op. cit . pp . 102. and 152. 
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Fig. 2. Por t ra i t of A l b e r t Szenczi Molnár . Painted by K á r o l y Cserna a f t e r a p r in t 011 t h e 
f r o n t - p a g e of a work published in 1624 in Hanau 
I t was not by c h a n c e t h a t the two scient is ts met. A l b e r t Szenczi Molnár w e n t to Prague 
w i t h a copy of his f i r s t i m p o r t a n t work, t h e L a t i n - H u n g a r i a n a n d H u n g a r i a n - L a t i n dictionary 
p u b l i s h e d in 1604, as h e h a d dedicated i t t o Emperor R u d o l p h I I . King of H u n g a r y (1567— 
1612). He arrived a t P r a g u e on Tuesday , September 2 5 t h , 1604 and was a d m i t t e d to t he 
sc ien t i f i c and in f luen t i a l circles of P r a g u e 011 the r e c o m m e n d a t i o n of his G e r m a n f r iends 
(R i t t e r shausen , R u m e l , R e m , Gentilis Scipio) . He could n o t h a v e complained a b o u t welcome 
a n d hospi ta l i ty . At f i r s t he probably s t a y e d a t the home of M a r t i n Bachatius, u n i v e r s i t y rector, 
h u t soon went to live w i t h the Keplers. T h e biographer n o t e s here that b y t h i s Kepler had 
w a n t e d to repay the h o s p i t a l i t y he had m e t in Hungary w h e n expelled f rom G r a z . 1 3 
W i t h Kepler 's h e l p Szenczi Molnár f o u n d entrance i n t o t h e court, too. N o t more than a 
week a f t e r arriving a t P r a g u e he showed his work to t he E m p e r o r who app rec i a t ed it and 
r e m i t t e d 50 forints to h i m . Kepler also i n t r o d u c e d him to t h e astronomers of Maurice , Prince 
of Hessen . This mee t ing h a d a decisive i n f l uence on the f u r t h e r course of his life a n d act ivi ty. 
H e left Prague o n November 26th , so he was the gues t of Kepler 's f ami ly f o r nearly two 
m o n t h s . There is no a u t h e n t i c record on t h e conversat ions t h e y h a d during th i s t i m e . Although 
in Dézs i ' s Encyclopaedia of World L i t e r a t u r e we can f ind t h e following sen tence : "among the 
H u n g a r i a n s it was A l b e r t Szenczi Molnár w h o m h e " (Kepler ) " w a s on fr iendly t e r m s and even 
m a i n t a i n e d a cor respondence wi th" , 1 4 a ccord ing to T u r ó c z i - T r o s t h r ' s s t u d y published in 
13
 Kepler op. o m n i a V I I I . 701. G ü n t h e r : Kepler, Gal i le i Berlin 1896. 10. Természet-
t u d o m á n y i Közlöny 1872. 85. Czógler: A f iz ika tör ténete ( H i s t o r y of physics) 1882. I. 146. 
Cited b y Dézsi op. eit . p p . 126—128. 
14
 I I . 
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195515 and also on the basis of t he author ' s o w n research K e p l e r ' s letter d a t e d o n 13th 
Feb rua ry 1605 should be cons idered as the only a u t h e n t i c source concerning their f r i endsh ip . 
Nevertheless , th is le t ter is e n o n g h to show w h a t sort of f r i endsh ip existed between t h e two 
great sc ient is ts . 
Kep le r ' s le t ter 
" S . P. D. Accepi literas tuas, Molinari suavissime easque geminas ; alteras cum exernplari 
Ungurici lexici, quod mihi est gratum ob auctorem, etsi optarim, te id in meliorem tuum usum 
convertisse. Sed dummodo ad tuos usus tibi alia suppetant, pergratum habebo. Gratias tibi ago de 
procurato meo negotio: id sic recte habet. Cum Suendero enim videbatur mihi nimia properatio et 
poenitudine ductus retinui literas; de hoc vero Odontio in magnas spes erectus sum negotii cum 
utriusque emolumento et academiae vestrae honori conficiendi. Legas ipse, quae ad ipsum scripsi, 
Exemplaria tua cetera sunt curata. puto te responsum accepisse. Salutes inter notos tuo volo divisi, 
quae gratae fuerunt eandemque tibi renunciare iussus sum. 
OMNIA vestra Wackerius vultu cognomine suscepit, rectiore nempe, quam duadu. sed 
tarnen et digna iudicavit, in quae insurreget contrariis versibus et suggilationibus poeticis. 
Haydones hie meuto ut meo dicterio rectissime habituri fuerint. si primo quoque tempore 
essent oppressi. Nam Caesar in ipsos se parat et dissentiunt invicem. Et Boczkayum cum pecunia 
deseruit auloritas, ut ferunt et capitaneos suos ipse interficit. Etium de Walachiae wayvoda Radullo 
narrabatur. quod arcem ipsius occuparit 4 miliaribus a Waradino Petzumque liberarit. Deus 
piorum rationem habeat in his turbis. Vale et me ama atque bonis viris commenda. 13. Februarii 
1605. Tui amicus officiosus J. Keplerus. 
P. S. Cum doclore Hoer locutus ipse. Cupit se conveniri et ab Odontio et ab eius commenda-
tore, liberalissime est pollicitus, puto iam esse in itinere domum versus. Ergo, quod estis facturi, 
statim aggredimini, ne domi ilium non inveniatis. Eliam Tengaglius cupit sibi adesse aliquem 
in arte nostra excellenlem, pollicetur solarium honestissimum. splendidius fortasse, quam profes-
sor is alicuius." 
Outside address; "Doctrina et pielate praestanti viro, domino Alberto Molnar Ungaro, 
literarum studiis in academia Altorfiana operanti. domino et amico meo colendo."ls 
( " I wish you good h e a l t h . I have received y o u r letter, d e a r Molnár, in f a c t , I have 
received all of t h e m , also the one you have sent m e w i t h the copy of t h e Hungar ian D i c t i o n a r y . 
Wi th r ega rd t o i ts au thor I h igh ly appreciate i t , t h o u g h in someone else 's hand it m i g h t be of 
more use. I a m very glad you h a v e been given ass i s tance in your w o r k by others t o o . T h a n k 
you for seeing to m y business, i t is settled now. Seeing the g rea t h u r r y in Suender I gave 
u p — t h o u g h n o t willingly — wr i t i ng , never theless I expect much f r o m Odontius in t h e cause 
tha t would m e a n advance for b o t h of us and t h e pra ise of your a c a d e m y . Read i t yourse l f 
wha t I h a v e w r i t t e n to h i m . I h a v e made a r r a n g e m e n t s concerning your other cop ies too; 
I th ink you h a v e a l ready received t he answer. I f u r t h e r e d your g ree t ings to your a c q u a i n t a n c e s ; 
they were p leased and asked ine to greet you i n t he i r names. 
Wacke r accepted your work OMNIA w i t h mixed feelings, b u t found it good enough 
to answer w i t h counter -poems a n d poetical i r o n y . 
I a m a f r a id the H e y d u c k s will be judged t h e w a y I have to ld you if beaten a t t h e ve ry 
beginning. N a m e l y , the E m p e r o r is going to a t t a c k t h e m , and t h e r e is also a lack of un i ty 
among t h e m . I n addi t ion, Bocskay has run out of b o t h money and p re s t i ge and — t h e y s ay -
had his cap t a in s killed himself . R a d u l , Wal lachian vo ivode is said t o h a v e occupied his fo r t r e s s 
15
 Szenczi Molnár Alber t Heidelbergben. 
1(1
 T h e original in "Öf fen t l i che Bibliothek de r Universi tä t B a s e l " . Mscr. G'2. I. 15 ' . Bl : 
127. In P r i n t Szenczi Molnár Alber t Naplója ( D i a r y of A. Sz. M.) pp . 177- 178. As f a r as 
we know it is t he first t ime th i s le t ter is publ i shed in English. 
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F ig . 3. Kepler's l e t t e r to Szenczi Molnár . The original is in the Öffent l iche Bibliothek der 
Universität Base l 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
V A R I A 1 8 7 
4 miles f r o m Várad a n d l iberated P e t z u m . God cares for t h e f a i t h fu l in t imes of t rouble . Good 
b y , love me and r e c o m m e n d me to d e c e n t people. 13 F e b r u a r y 1605. Y o u r f a i t h f u l fr iend 
J o h a n n e s Kepler. 
P . S. I spoke to doc tor Hoer myse l f . He wished and promised to meet O d o n t i u s and also 
t h e p e r s o n who r e c o m m e n d e d him: in f a c t , I th ink he is on h i s way back h o m e . Therefore set 
a b o u t quickly w h a t e v e r you want to do lest you will not f i n d h im at home. T e n a n g l i u s wants a 
pe r son ta lented in ou r profession, too, to w h o m he will o f fe r a good salary, p e r h a p s be t t e r t h a n 
w h a t is due to a p r o f e s s o r . " 
Outside address : " T o Mr. Alber t Molnár , the excel lent and pious sc ien t i s t , who works 
h a r d for scientific p rogress at the A c a d e m y of Altdorf , t o m y honourable f r i e n d . " 
Let us make a few remarks on t h e le t te r , f i rs t w h a t József Turóczi-Trost ler generally 
says abou t the l e t t e r s addressed to A l b e r t Szenczi Molnár : W e are familiar w i t h t he common 
p h r a s e s of baroque pol i teness and cor respondance which do not impose a n y obligat ions on 
t h e wr i t e r ; hut w h e n we read the l e t t e r s wr i t t en to A. Szenczi Molnár we a t once notice the 
love and respect expressed in them, t h e genuineness of w h i c h we have no r e a s o n to disbelieve 
in , all the less since t h e y are not addressed to any person of high rank or d i g n i t y , but to a 
poor t ravel l ing s t u d e n t or corrector or f a m i l y t u t o r . " 
Love and respec t can be felt f r o m Kepler ' s above l e t t e r too. The t w o m o n t h s spent 
t o g e t h e r certainly l e f t the i r marks in t h e souls of both sc ient is ts . The le t ter shows t h a t they 
go t close to each o t h e r which was only n a t u r a l as their ideas and destinies were similar. Both 
were working lor sc ient i f ic progress f a r f r o m thei r countr ies , so it can he easily unde r s tood tha t 
a t r u e f r iendship was fo rmed between t h e m . This f r i endsh ip was not conf ined to vague feel-
ings and mere pol i teness , it was — like every t rue f r i endsh ip a definite, conc re t e relation in 
wh ich the part ies cared for and helped one ano the r and worked for the common cause to which 
t h e y h a d dedicated t he i r lives. 
The effect of Kep le r ' s f r iendship: 
There is no w a y to show the e f fec t th i s f r iendship exe r t ed on Kepler , b u t i ts influence 
on A l b e r t Szenczi Molnár and th rough hi tn on Hunga r i an cu l tu re can be s u m m a r i z e d in the 
fo l lowing: 1) This f r i e n d s h i p like t h e o t h e r similar f r i endsh ips formed w i t h f a m o u s scien-
t i s t s — suppor ted his life in periods of need and sorrow.1 8 2) The success of h is journey to 
P r a g u e and Kepler ' s hospi ta l i ty became k n o w n and he rose in his p r o t e c t o r s ' esteem who 
m a d e ef for t s to f i n d h i m a post.19 3) T h r o u g h Kepler he m e t in Prague the c o u r t as t ronomers 
of Maurice , Prince of Hessen. 
Maurice, P r ince of Hessen was one of the g rea te s t rulers of t ha t t i m e (1572—1632). 
H e was 21 years old w h e n ascended t he t h r o n e . He possessed excellent qua l i t i e s to reign and 
received a many-s ided scientific educa t ion . I le not only s u p p o r t e d bu t also c u l t i v a t e d science 
a n d a r t . In addi t ion t o t he classical l anguages he mas te red 5 languages inc lud ing Hungar ian . 
T h e golden age of Hessen fell in the pe r iod of his reigning. 2 0 
On the advice of the as t ronomers Albe r t Szenczi Molná r dedicated his new great work 
,,Psalterium Ungaric.um'''' to Prince Maur ice . The Pr ince welcomed the ded i ca t i on and took 
Szenczi Molnár in his protec t ion . I t was t hen tha t the g r e a t period of his l ife began , a) The 
P r ince gave him a p r e s e n t and handed h i m a let ter addressed to the rec tor of the Marburg 
U n i v e r s i t y with t he o rder of admi t t i ng Szenczi Molnár t o t h e universi ty a n d giving him ful l 
h o a r d there, b) T h e n he fulfilled his old f avour i t e plan: t h e revised edition of G á s p á r Károlyi ' s 
17
 Albert Szenczi Molnár in He ide lbe rg , p. 18. 
18
 Szenczi Molnár Alber t kifejezései (Phrases b y A. Szenczi Molnár). See: Toldy op. cit. 
p p . 163 and 165. S t a t e m e n t by La jos Apr i ly , op. cit. p. 6. 
19
 Dézsi, op. c i t . p . 130. 
20
 Rehm: Geschichte d. beiden Hessen . 1846. I I . 99. Cited in Szenczi Molnár Albert 
N a p l ó j a (Diary of A. Sz. M.) pp. 46 47. a n d Dézsi, op. ci t . p . 140. 
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Bible, с) He wrote a H u n g a r i a n g r ammar book commissioned by Prince Maurice. This was the 
f i r s t H u n g a r i a n g r a m m a r hook which toge the r with a s y n t a x — has survived for us in full 
and w a s used as a m a n u a l u p to the end of the 18th c e n t u r y , d) As a result of t h e Prince's 
p a t r o n a g e he rose in his H u n g a r i a n and fore ign fr iends ' esteem.'-1 All this began in P rague and 
were d u e to Kepler 's f r i e n d s h i p . 
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T H E A N I O N D E P E N D E N T E F F E C T O F AMMONIUM O N R I B O N U C L E I C ACID 
S Y N T H E S I S I N P I N T O B E A N L E A V E S 
T h e influence of ch lor ide (HAAS 1944) was compared w i t h o ther anions too . w i t h identi-
cal c a t i o n , by charac te r i z ing the in tens i ty of ribonucleic acid synthesis. Poss ible chloride 
inh ib i t ion in bean leaves of high protein c o n t e n t can supposedly he well d e m o n s t r a t e d through 
the r ibonucle ic acid syn thes i s . 
21
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Disks excised f r o m the p r imary leaves of Pinto b e a n were f loated for 18 hours on a 
10~ 3 mol solution of p r o anal, a m m o n i u m ni t rate , a m m o n i u m su lpha te a n d a m m o n i u m 
chlor ide . The la t ter w a s also compared w i t h technical a m m o n i u m chloride as t o i t s effect . 
A f t e r the p r e - t r e a t m e n t with t h e ammonium sa l t s t h e incorpora t ion of u rac i l -2 - u C 
in to t h e ribonucleic ac id f ract ion insoluble in 10% tr ichloro-acet ic acid was de te rmined in a 
t h r e e h o u r exposition a f t e r FLETCHER OSBORNE (1965). Beside the incorpora t ion values t he 
2_(X - X) 
s t a n d a r d error of t he m e a n value ( E was also expressed (SVÁB 1961). Technica l 
n 
a m m o n i u m chloride w a s p u t to our d isposal for exper imenta l purposes hy t he Borsod Chemical 
W o r k s (Kaz incbarc ika) . 
According to t h e d a t a of Table 1 all three pro ana l , ammonium sal t s s t imula ted t he 
r ibonucle ic acid s y n t h e s i s as compared to the distilled w a t e r control. W i t h su lphate and 
Table 1 
Anion dependent effect of ammonium ion on the incorporation of uracil-2-liC into insoluble ribo-
nucleic acid in Pinto bean leaves, in a 3 hours exposition, as related to 0.34 mg protein, after floating 
for 18 hours on 10~'J mol solutions in comparison with distilled icater 
Water con t en t of leaves: 6 7 % 
Treatment 
Incorporation 
cpm/250 mg 
fresh weight 
Standard error 
of mean value 
Specific activity 
cpm/mg % 
H„0 32 920 2573 96 823 100 
N H 4 N 0 3 p ro anal . 43 485 3112 127 897 132 
(NH 4 ) 2SO, p r o anal. 36 704 2792 107 952 111 
NH4C1 pro ana l . 34 386 2117 101 136 104 
NHjCl t echn . 32 671 2408 96 091 99 
chlor ide applied, howeve r , the degree of s t imula t ion was v e r y low compared to the effect of 
n i t r a t e . Technical a m m o n i u m had no i n f l u e n c e on the r ibonuc le ic acid syn thes i s . This observa-
t ion is all the more i m p o r t a n t since according to t h e resul ts of inves t iga t ions in o the r 
s u b j e c t s — technical a m m o n i u m chloride inhibi ts the p h o t o s y n t h e t i c ca rbon dioxide f ixa t ion 
( H O R V Á T H - P O Z S Á R 1 9 7 0 ) . 
• 
Prepared by t he I n s t i t u t e of I so topes of the H u n g a r i a n Academy of Sciences, Budapes t ; 
Agrobo tan ica l I n s t i t u t e , Tápiószele. 
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T H E M O D I F Y I N G E F F E C T O F F U L L - F L O W E R E D C H A R A C T E R ON T H E FORM 
O F H Y P A N T H I U M A N D P O S I T I O N O F G Y N O E C I U M I N SOME ROSA V A R I E T I E S 
I. MORPHOLOGICAL CONDITIONS 
The h y p a n t h i u m of Rosae, in the cav i ty of which the pist i ls develop, is f o r m e d according 
to some au thor s f r o m p a r t s of f loral leaves (ca lyx , petals , s t a m i n a ) joined al the base (DE CAN-
DOLLE 1813 , BOUTINEAU 1 8 8 2 , YELANOVSKY 1904) . a c c o r d i n g t o o t h e r s t h r o u g h t h e d e e p e n i n g 
of t h e t o r u s (JUSSIEU 1843. MASTERS 1869); while according t o a third opinion t h e lower par t 
of t he h y p a n t h i u m is of axial origin and t he u p p e r pa r t develops f rom the basal zone of floral 
l e a v e s g r o w n t o g e t h e r ( V A N T I E G H E M 1 8 7 8 , J A C K S O N 1 9 3 4 , F A M E S M A C D A N I E L S 1 9 4 7 , 
T A H T A D Y A N 1 9 4 8 , R A U H - R E Z N I K 1 9 5 1 , E A M E S 1 9 6 1 ) . 
This shows t h a t the quest ion has n o t been answered so f a r . In the course of studies, 
p e r f o r m e d in connect ion w i t h the problem of infer ior pistil , severa l wild, and m a n y cult ivated 
Rosa var ie t ies were dea l t wi th , and a grea t var iedness of t he f o r m of the h y p a n t h i u m was 
obse rved . This raised the suggestion of e x a m i n i n g in detail t he possible causes of t h e different 
f o r m s of h y p a n t h i u m in the Rosa species a n d varieties. 
A p a r t f rom Rosa canina some 300 Rosa variet ies were examined with a qu ick method 
in t h e rose collection of the Hor t icu l tu ra l Resea rch I n s t i t u t e , ou t of which the f lower- and 
h y p a n t h i u m f o r m a t i o n s of Rosa canina, Rosa rugosa, Chicago peace , Rosa G a y a r d , Rosa sp. 
M e m ó r i á m and Wasser Centennia l are d i scussed in detail . In t he varieties e x a m i n e d t rends in 
the n u m b e r of f loral leaves were s ta t i s t ica l ly eva lua ted and ce r ta in special cond i t ions photo-
g r a p h e d . 
The 1 — 2 cm long peduncle of Rosa canina is followed by an egg-shaped h y p a n t h i u m 
(Fig . 1/A). On the top of the h y p a n t h i u m the re is a round open ing ; its wall is considerably 
th ickened , so a wide f l a t t e n e d rim develops a r o u n d the opening. On this rim as i t is known -
5 spi ra l ly arranged sepals , t hen — along a circle — 5 petals grow in inward d i rec t ion , and on 
s u b s e q u e n t nodes 80—90 s t amina . The s tyles ( 2 5 - 28) overhang t he opening of t he h y p a n t h i u m . 
ihe o v a r y is located in i t s cav i ty . Styles of pist i ls s i t t ing on t h e side walls hang i n w a r d to the 
open ing of the h y p a n t h i u m . Rosa rugosa shows a similar f lower s t ruc ture wi th the difference 
t h a t i t s h y p a n t h i u m is spherical and sl ightly f l a t t ened at the t o p (Fig. 1/B). 
T h e h y p a n t h i a of t he cul t ivated rose var ie t ies e x a m i n e d differ f rom these two basic 
fo rms in various degrees. There are var ie t ies where h y p a n t h i a arc more open at t h e top , that 
is, t h e side Avails do not close again above t he i r cup-like widening , and thus a n a r r o w i n g cannot 
be f o u n d beloAv the base of t he f lora l leaves as in Rosa canina and Rosa rugosa. 
H y p a n t h i a of t he large flowered v a r i e t i e s Chicago peace and Rosa Gayard (F ig . 1/C, D) 
widen aboAe the peduncle and the s ide-wal ls being short — show a semi-spherical form open 
at t h e top . Not only does t he upper r im of t he h y p a n t h i u m b e c o m e broad, b u t t h e side-walls 
also th i cken considerably . Pistils are f o u n d on the inner side of this f l a t t ened h y p a n t h i u m . 
The s tyles grow s t ra igh t u p w a r d wi thout bend ing . 
In t he va r i e ty Meinor iam (Fig. 1/F) and a cult i \ rated varietA7 of unknown origin called 
Rosa sp. (Fig. 1/E) a charac te r i s t i c s t r u c t u r e of torus can be seen. The pedunc le below the 
h y p a n t h i u m widens in a V- format ion a n d produces a t r i a n g u l a r h y p a n t h i u m Avith the tip 
ups ide down, widest a t t h e u p p e r pa r t where the f loral leaves develop . The pisti ls b e n d inward, 
so t he styles grow u p w a r d a f t e r forming a s l i gh t curve. The c a v i t y of the wedge-shaped hypan-
t h i u m is t he deepest in t h e rose var ie ty of u n k n o w n origin, in t he var ie ty Memór iám i t is small-
er a n d less deep and t h u s has t he form of a wide, f l a t Avedge. 
I n the va r i e ty Wasse r Centennial t h e to rus becomes so wide and flat t h a t i t shows the 
fo rm of a p la te (Fig. 1/G), where the s t r a i gh t u p r i g h t pistils can be found f lora l l eaves grow n 
o u t a t t he edge, make a curve and cover t h e ivide, typically super io r apocarpic gynoec ium. 
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Fig. 1. Degrees of modif icat ion in the hypan th ia of rose varieties. I n the upper row h y p a n t h i a 
show a concave , while in t he lower one a V - f o r m a t i o n . A) Rosa can ina : B) Rosa rugosa : 
C) Chicago peace : D) Rosa G a y a r d : E) U n k n o w n rose var ie ty : F) Memóriám; G) Wasse r 
Cen tenn ia l 
Table 1 
Trend of the number of floral leaves in certain rose varieties in comparison uith Rosa canina 
(on t h e hasis of 10 rep l ica t ions each) 
Number of floral leaves 
Species and varieties 
sepals petals stamina pistils 
Rosa canina 5 5 90 28 
Chicago peace 5 60 182 178 
Rosa Gayard 5 42 299 187 
Rosa sp. 5 48 210 310 
Memóriám 5 31 228 86 
Rosa Centennial 5 30 102 154 
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Fig. 2. Long i tud ina l section of the f lower of Rosa Centennia l with a f l a t t e n e d h y p a n t h i u m 
The a u t h o r examined the t r e n d of a number of f loral leaves (sepals , petals, s t a m i n a , 
pis t i ls) in the a b o v e rose varieties (Tab le 1). 
As the t a b l e shows, the n u m b e r of sepals is c o n s t a n t (5), while t h a t of the petals c h a n g e s 
w i t h the va r i e ty (30, 42, 48, 60). T h e increase in t h e n u m b e r of petals r e su l t ed f rom the o u t e r 
s t amina having a l so become peta ls , i n spite of this , t h e number of s t a m i n a also shows a con-
siderable increase (102,190, 210, 299). Increase in t he n u m b e r of pistils is even more exp res sed ; 
i n certain va r ie t i es 86. 154 and 310 pis t i l s were f o u n d . 
The inc reased number of p e t a l s , s tamina a n d pist i ls resulted in a reduction of t h e 
vo lume of h y p a n t h i u m , and its t r a n s f o r m a t i o n and modi f i ca t ion respec t ive ly . S imul taneous ly 
w i t h the decrease of its volume t h e h y p a n t h i u m b e c o m e s wider and m o r e or less f l a t , w i t h 
considerably t h i c k e n e d walls. P e t a l s a n d s tamina deve lop not only a t t h e edge bu t also on 
t h e inner sur face of the h y p a n t h i u m , which resu l t s in its fu r ther f l a t t e n i n g . Through t h e 
f la t t en ing of t he h y p a n t h i u m the b a s e of the pistils r i ses , and in the case of the var ie ty W a s s e r 
Centennial it c a n he found at t h e s a m e level as t h e o t h e r floral leaves. So, by the ra is ing of 
t h e gynoecium t h e pistils change f r o m inferior to supe r io r position. 
* 
Prepared a t t h e Depa r tmen t of Applied B o t a n y a n d Histogenesis of the Eötvös L o r á n d 
University B u d a p e s t 
P . G R A C Z A 
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C O N T R I B U T I O N TO T H E M E T H O D O L O G Y O F S T U D Y I N G CHROMOSOMES 
I N T H E ROOT T I P CELLS O F SOLANUM LYCOPERSICUM L. 
When making dissections for karyological s tudies it is very i m p o r t a n t to d e t e r m i n e the 
suitable r eagen t , the macerat ion t i m e , the adequa t e staining me thod and the time of d i f fe ren-
tiation. Af te r comparing the m e t h o d s known so f a r for studying chromosomes, in t h e case of 
Solanum lycopersicum we considered the following method as the m o s t suitable. 
Seeds germinated for t h r e e days at 25 °C a n d developed 1- 1.5 cm long roots. T h e root 
tips were p laced into a 8-hydroxy-chinoline solut ion for 3 hours a t r o o m temperature fo r pro-
f ixat ion, t hen placed for 20 m i n u t e s — according to CARNOY'S m e t h o d — into a fixing solut ion 
consisting of 2/6 absolute a lcohol , 3/6 chloroform and 1/6 concent ra ted acetic acid. T h e n the 
material was macerated for 8 m i n u t e s in a m i x t u r e of 36 per cent alcohol and concen t ra ted 
hydrochloric acid, and finally washed for 20 m i n u t e s in tap water . 
As a f u r t h e r step, the dissect ion was crushed under cellophane foi l in the following w a y : 
root tips were placed onto a slide and covered w i t h a piece of ce l lophane foil of about t h e size 
of a cover glass . Root tips were crushed with a r u b b e r cork and s m a s h e d to a thin l a y e r by 
rolling a t e s t - tube back and f o r w a r d . Superfluous moisture was r e m o v e d by means of a f i l ter 
paper . Then the slide was placed in to a cuvette w i t h some formaldehyde solution at the b o t t o m 
(cca. 2 cm). U n d e r the influence of the formaldehyde fumes the dissect ion adhered to t h e slide. 
45 miuutes l a t e r the cellophane foil was removed wi th the aid of fo rceps , and the dissect ion 
was washed again in tap water fo r 20 minutes. A f t e r having perfect ly been washed o u t i t was 
stained wi th CAJAL—BROZEK'S m e t h o d . First, 1 p e r cent solution of fuchs ine was appl ied for 
3 minutes, t hen the dissection af ter having been rinsed — was submerged for 5 m i n u t e s 
in a mixture (of 2 : 1 ratio) of concent ra ted indigocarmine solution a n d picric acid. Fol lowing 
an alcoholic r insing the dissection was t reated w i t h increasing concent ra t ions of a lcohol ic 
solutions which resulted in a d e q u a t e differentiat ion and dehydrat ion. T h e alcohol t r e a t m e n t was 
completed b y us ing absolute alcohol. Finally, t h e dissection was s u b m e r g e d in xylene twice 
for over 5 minu te s each t ime, t h e n placed into C a n a d a balsam. 
With t he method described above we succeeded in preparing dissections in wh ich t h e 
chromosomes could be thoroughly studied. 
* 
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F. DAT 
Taxonomical place: Avenu sativa L . ssp. patula (Alef) . WERNER var . mutica Alef. 
Origin: produced f rom a Hunga r i an commercial v a r i e t y of Kompolt b y individual selection. 
Beginning of breeding: 1918, K o m p o l t (County Heves) . 
Breeder: t Rudo l f Fleischmann a n d József Schmid t , Kompolt; v a r i e t y maintainer: Sándo r 
Mórász a n d Sándor Héj já , Kompol t . 
State qualification: State registered improved v a r i e t y , 1951; f i rs t cert if icat ion 1934, f i r s t 
regis t ra t ion 1940. 
General characterization : fairly high yielding, drought to lerant , white pan icu l a t e oat of ex tens ive 
character and moderately r ap id development. 
Morphological description: 
Root system: side roots p e n e t r a t e deep a b o u t 160—180 cm — in to the soil. 
Shoot system: of excellent stooling but m e d i u m development; e x t e n t of stooling: 2.7 
side shoots. 
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Culm: grows to an average height of 130 cm; number of in te rnodes 6/7, n o d e s are barrel-
shaped, 4 — 6 m m long. C u l m is da rk s t raw-co loured ; under r a i n y condi t ions is 
sometimes lodged due to i t s f i n e s t ructure (MÁNDY 1941, HORVÁTH 1952). 
Foliage: 5—6 m e d i u m green leaves w i t h 1—1.5 cm b r o a d l ineal- lanceolate blades may 
grow on t h e shoots ; ligula is of 4 x 8 mm size a n d t r iangular . N u m b e r of leaf 
veins: 33. 
Panicle: wide, s t i f f , a b o u t 25 cm long , wi th arched d i v e r g i n g branches. T h e m a i n axis 
of the pan ic l e is generally d i v i d e d into 7 i n t e r n o d e s which are so long as to make 
the s t r u c t u r e of the panicle loose. The involuce l is found at t h e lowest node; 
i t is n a r r o w a t b o t h sides a n d shows a V-shaped incis ion at the b a c k . T h e involucel 
surrounds t h e ma in axis a t r i g h t angles and h o l d s together t h e b a s a l par t of 
6—11 b r a n c h e s of panicle. A v e r a g e number of spicelets in panicles 43.8 (ranging 
from 26 t o 56), number of g ra ins 68.9 ( ranging f r o m 39—87), we igh t of grains 
1.62 g ( r a n g i n g f rom 0.7 t o 2.3); awned gra ins a r e found only in 0 .13 per cent 
(HORVÁTH 1952). Average n u m b e r of awned g r a i n s in spicelets: 2; awns adhere 
closely t o g r a in s . There is a t u n i c a t e point at t h e t i p of the glume. 
Hulled caryopsis : spindle-like; character is t ica l ly l ong -ha i r ed at the ba sa l p a r t . Colour 
yellowish w h i t e (in quar tz l i gh t white). L e n g t h of hulled grains : 1.0—1.5 cm. 
Hl-weight 38.1 (ranging f r o m 31 to 44) kg; t housand-g ra in -we igh t : 23.3 g (rang-
ing from 21 t o 24 g). Hull pe rcen tage : 30.1 ( r a n g i n g f rom 27 to 3 8 % ) . Pro te in 
content of hu l l ed grain: 1 2 . 3 % . 
I 
Biological characteristics : 
Germination: c a r d i n a l points m i n i m u m -f-4°C, o p t i m u m 25 °C, m a x i m u m 37 °C; salt 
solutions of low concen t ra t ion (0.1%) sl ight ly s t imula te g e r m i n a t i o n (NaCl), 
higher concen t ra t ions , h o w e v e r , decrease i ts p e r c e n t a g e ; in a N a C l solution of 
3 % 1 7 % g e r m i n a t e ( M Á N D Y — P Á L 1 9 6 0 ) . 
Vegetation period: n u m b e r of days be tween sowing (1s t Apri l) and pan ic le fo rmat ion : 
85; f rom pan ic l e format ion t o f u l l ma tu r i ty 33 d a y s are r equ i r ed ; vegetat ion 
period is of 118 days (med ium la te variety). 
Development : exce l l en t stooling, m o d e r a t e development . 
Resistance to diseases: fa i r ly r e s i s t a n t to rus t (Puccinia) a n d smut (Ustilago). 
Farm technology requirements : op t imum sowing t ime in H u n g a r y between M a r c h 25th and 
Apr i l 10th, r e q u i r e d amoun t of seed grain 2.8—3.0 mi l l ion grains p e r cad .yoke (1 
cad .yoke = 1.422 acres ' = 5754.56 m2) . Under i n t e n s i v e conditions a n d well-pre-
served soils gives h i g h and reliable y ie lds , but also t o l e r a t e s less f avou rab l e condit ions 
(KAPÁS et al. 1965). 
Productivity : a good y ie ld , 13— 14q/cad.yoke (ranging from 7 t o 15 q), straw yield 34 q/cad.yoke. 
Loss f rom grains d r o p p i n g is u n i m p o r t a n t . 
Area of cultivation : the who le area of H u n g a r y , b u t especially t h e Great Plain a n d t h e North-
E a s t e r n Hi l l -Count ry . 
* 
Prepa red by t he N a t i o n a l In s t i t u t e of Agrobotany, Tápiósze le . 
G Y . M Á N D Y 
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FORUM 
T H E D E T E R M I N A T I O N OF T H E E F F E C T O F S O L U B L E PKOTEliN L E V E L ON T H E 
I N T E N S I T Y OF P H O T O S Y N T H E T I C C A R B O N D I O X I D E F I X A T I O N 
The speci f ic act ivi ty as r e fe r r ed to the ch lo rophyl l is generally u s e d in relation to t h e 
in tens i ty of p h o t o s y n t h e t i c ca rbon dioxide f ixa t ion (DALY— LIVNE 1966, LIVNE 1964, POZSÁR 
1967). D a t a of c p m / i n g chlorophyll suggest a v a r y i n g photochemical a c t i v i t y to be d i sp l ayed 
by the chlorophyl l especially w h e n i ts level in the leaf tissues is very low, e.g. as a resu l t of a 
v i r u s i n f e c t i o n ( P O Z S Á R — H O R V Á T H - L E H O C Z K Y — S Á R O S P A T A K I 1 9 6 9 ) , o r w h e n — d u e t o A 
hormon-l ike e f f ec t which s t imula tes t he protein syn thes i s — biological act ivi ty in t h e leaf 
t i s s u e s i n c r e a s e s ( O S B O R N E 1 9 6 2 , K U L A E V A — B O R O B E V A 1 9 6 2 . J O R D A N O V 1 9 6 6 , P O Z S Á R 1 9 6 7 ) . 
I n the la t te r cases t he chlorophyll level may increase too , according t o t h e exper imenta l d a t a 
o f K U R S A N O V et al. ( 1 9 6 4 ) a n d S T E T L E R — L A E T S C H ( 1 9 6 5 ) . 
The a u t h o r ' s d a t a on p h o t o s y n t h e t i c carbon d iox ide f ixat ion, o b t a i n e d under t h e con-
di t ion of v i rus in fec t ion showed t h a t in an advanced s t age of infection — w h e n the ch lo rophyl l 
level decreased — t h e specific a c t i v i t y in relation t o m g chlorophyll considerably i n c r e a s e d . 
According to t he d a t a in the v i rus a f fec ted tissues, t h e photochemical a c t i v i t y of the ch lo ro -
phyl l increased. Th i s fact suggests t h a t the a s s u m e d relat ionship w i t h the ch lo rophy l l 
m a y he inco r rec t . I t is especially quest ionable in t h e cases of e x t r e m e l y low or high c h l o r o -
phyll levels. 
In earl ier exper iments p e r f o r m e d with s y n t h e t i c cytokinins (POZSÁR 1967) the i n t e n s i t y 
of carbon d iox ide f ixa t ion in r e l a t ion to chlorophyll w a s also found t o be unreasonably h igh . 
On the basis of exper imenta l d a t a o b t a i n e d it could b e concluded t h a t u n d e r the in f luence of 
k ine t in and benzy laden ine t r e a t m e n t s the pho tochemica l act ivi ty of chlorophyll i nc r ea sed 
h u t this ind i rec t conclusion has not been conf i rmed b y later e x p e r i m e n t s in other r e l a t i ons . 
The above d a t a on p h o t o s y n t h e t i c carbon d iox ide f ixat ion, r e l a t e d to the two e x t r e m e 
chlorophyll levels , have challenged t he validi ty of r e l a t i ng to ch lorophyl l ; i t is, however , a 
general pract ice in l i terature . One possible idea is t h a t the different p r o t e i n fract ions p l a y a 
s ignif icant p a r t in the processes of pho tosyn the t i c c a r b o n dioxide f i x a t i o n , a t the pho tochemica l 
ac t iv i ty of chlorophyl l . However , t h e regenerat ive , r educ t ive and c a r b o x y l a t i o n processes of 
the Calvin-cycle a r e enzymological mechan i sms in t h e d a r k , so they a r e biochemical r e a c t i o n s 
connected wi th p r o t e i n localized b y s t r u c t u r a l e l emen t s . I t can well be supposed , even w i t h o u t 
d i rec t d a t a on molecular local izat ion, t h a t the i n t e n s i t y values of pho tosyn the t i c c a r b o n 
dioxide f i xa t i on , r e l a t ed to p ro te in con ten t and so luble protein level respect ively , a p p r o a c h 
t h e biological a c t i v i t y much b e l t e r t h a n the ch lorophyl l related specif ic ac t iv i ty used so f a r , 
in sp i te of t he f a c t t h a t chlorophyl l is in a f u n c t i o n a l relationship w i t h prote in e l emen t s in 
t he u l t r a s t r u c t u r e of the ehloroplast . This theory h a s been confirmed i n o t h e r correlat ions b y 
d a t a ob ta ined in t h e electronmicroscopic s tudy of t h e ehloroplast. By disclosing the o r i e n t a t e d 
s t ruc tu r e of q u a n t o s o m e s PARK (1963) and BASSHAM (1966) pointed o u t t h a t these f o r m a 
monomolecular l a y e r t ransversal lv covering the (monomolecular ly d i sso lved) double l a y e r e d 
thy lako id m e m b r a n e s associated w i t h t he chlorophyll layers . 
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On t h e b a s i s of the a b o v e , ut i l iz ing d i f f e r e n c e s of solubi l i ty , s eve ra l pro te in f r a c t i o n s 
-were s epa ra t ed a n d — besides t h e i r re la t ionship t o t h e chlorophyl l l e v e l — the p h o t o s y n t h e t i c 
ca rbon d ioxide f i x a t i o n d a t a w e r e r e l a t ed to t o t a l p r o t e i n and to s o l u b l e protein c o n t e n t too , 
i n order t o p r o v e the cor re la t ions expe r imen ta l ly . 
The i n t e n s i t y of p h o t o s y n t h e t i c carbon d i o x i d e f ixa t ion was d e t e r m i n e d by i n c o r p o r a t -
ing , 4C-labelled c a r b o n dioxide r e l e a s e d f rom b a r i u m ca rbona te b y m e a n s of lactic ac id , a f t e r 
ARNON'S (1961) m e t h o d . The s p e c i f i c act ivi ty of 1 4C-label led b a r i u m c a r b o n a t e was 130 mi . c i . /g 
of which 120 mi . c i . was used i n a 5 l i t r e exsiccator . T h e r ad ioac t iv i t y of leaf tissue h o m o g e n a t e s 
was d e t e r m i n e d b y the liquid sc in t i l l a t ion me thod i n P a c k a r d ' s t r i c a r b appa ra tus . 
Fo l lowing t h e e thyl a l coho l ex t r ac t ion t h e ch lo rophy l l c o n t e n t of the leaves w a s d e t e r -
mined wi th U n i c a m s p e c t r o p h o t o m e t e r at a wave l e n g t h of 665 n/i a n d the ex t inc t ion v a l u e s 
ob ta ined r e l a t e d to mg ch lo rophy l l . 
Leaf p r o t e i n f rac t ions w e r e re leased wi th 0 . 5 % NaCl , then w i t h 4 N N H 4 O H and fo l l owed 
b y 2 0 % N a O H , a n d the n i t r o g e n con ten t of f r a c t i o n s ob ta ined , as we l l as of the i n i t i a l , was 
de te rmined w i t h t h e m i c r o - K j e l d a h l method and e x p r e s s e d in m g f r e s h weight . 
P h o t o s y n t h e t i c carbon d i o x i d e f ixa t ion w a s g iven by the d i f f e r e n c e of ca rbon d i o x i d e 
f i xa t i on d a t a o b t a i n e d in l ight a n d i n the dark , a n d t h e la t te r va lues w e r e related to m g chloro-
p h y l l c o n t e n t , t o m g to ta l p r o t e i n , and to soluble p r o t e i n level ( in 0 . 5 % NaCl), r e s p e c t i v e l y . 
T h e l a t t e r is u s u a l l y called t h e speci f ic ac t iv i ty of p h o t o s y n t h e t i c c a r b o n dioxide f i x a t i o n . 
Specific a c t i v i t y d a t a were r e l a t e d f inal ly to t h e r e l a t i v e p e r c e n t a g e of the controls , f o r the 
b e t t e r c o m p a r i s o n of these d a t a . 
Deta i l s of t h e e x p e r i m e n t a l m e t h o d s and c o n d i t i o n s of s a m p l e t a k i n g were p u b l i s h e d in 
e a r l i e r p a p e r s ( P O Z S Á R 1 9 6 7 , B Ó C S A — P O Z S Á R - - M A J K Ó 1 9 6 9 , D A N C S — C S O R B A — P O Z S Á R — 
F E R E N C Z 1 9 6 9 ) . 
F r o m t h e resul ts of e a r l i e r exper iments t h e conclusion w a s d r a w n , t h a t app le l e a v e s 
r e a c t to i n f e c t i o n by V e n t u r i a i n a e q u a l i s wi th a cons iderab ly d e c r e a s e d intensi ty of p h o t o -
syn the t i c c a r b o n dioxide f i x a t i o n (DANCS—POZSÁR FERENCZ 1968 , DANCS- CSORBA 
POZSÁR—FERENCZ 1969). A c c o r d i n g to the d a t a o b t a i n e d , in t h e a f f e c t e d leaves t h e ch loro-
phy l l con t en t dec reased by 3 8 % , a n d the specific a c t i v i t y related t o t h e chlorophyll t o 2 3 % , as 
shown in T a b l e 1. The e x p e r i m e n t a l d a t a suggested t h a t the in fec t ion r e d u c e d the p h o t o c h e m i -
cal ac t iv i ty of chlorophyl l . 
On t h e o t h e r hand , in a n a d v a n c e d s tage of t h e infect ion t h e chlorophyll c o n t e n t in 
v i rus -a f fec ted v ine leaves d e c r e a s e d considerably t o o - to 6 % of t h e original level —, while 
Effect of infection with Venturia inaequalis on the fixation of carbon dioxide in light, in the dark 
and the photosynthetic carbon dioxide fixation with the aid of labelled compounds in apple leaves, 
expressed in cpm/100 mg fresh weight (DANCS—CSORBA POZSÁR —FERENCZ 1969) 
Table 1 
Carbon dioxide fixation 
Tissues 
photo-
synthetic 
Ch oroph 1 
content 
mg/100 mg 
fresh weight 
Specific activity 
cpm/mg 
chlorophyll 
Hea l thy 
Infected 
26 300 6 900 19 400 
11 300 1 9 0 0 9 400 
2 . 4 
1.5 
8 082 
6 266 
Percentage inh ib i t ion caused b y 
infection 3 8 23 
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t h e ch lo rophy l l - r e l a t ed speci f ic a c t i v i t y of p h o t o s y n t h e t i c c a r b o n dioxide f i x a t i o n showed b u t a 
s l i gh t decrease , h a v i n g b e e n r e d u c e d t o 7 2 % of t he o r i g i n a l v a l u e . W h e n l o o k i n g a t the d a t a 
of T a b l e 2 i t is v e r y s i g n i f i c a n t t h a t o n t h e basis of spec i f i c a c t i v i t y r e l a t e d t o t h e ch lo rophy l l 
c o n t e n t a t t h e i n i t i a l s t a g e of i n f e c t i o n t h e p h o t o s y n t h e t i c c a r b o n d iox ide f i x a t i o n dec r ea sed 
t o 4 6 % as c o m p a r e d t o t h e h e a l t h y l ea f t i ssues , while i n a l a t e r phase of t h e in fec t ion , w h e n 
w i t h t h e ve ry low c h l o r o p h y l l c o n t e n t , a n d t he spec i f i c a c t i v i t y r e l a t e d t o t h e ch lo rophy l l 
r e l a t i ve ly inc reased , t h a t is, i t w a s r e d u c e d only to 7 2 % of t h e or iginal c o n t r o l value . As t h e 
i n f e c t i o n progresses , t h e r e l a t ive i n c r e a s e in value r e s u l t s i n a consp i cuous d i f f e rence in t h e 
r a t i o s . E x p e r i m e n t a l d a t a r e f e r r ed t o , were exp l a ined i n ear l ier p u b l i c a t i o n s (POZSÁR 
H O R V Á T H — L E H O C Z K Y — S Á R O S P A T A K I 1 9 6 9 , B O C S A — P O Z S Á R — M A J K Ó 1 9 6 9 , D A N C S — C S O R B A — 
POZSÁR FERENCZ 1969) b y an i n c r e a s e d p h o t o c h e m i c a l a c t i v i t y of t he c h l o r o p h y l l . I n s u b s e -
q u e n t e x p e r i m e n t s t h i s t h e o r y b e c a m e ques t ionab le . 
Table 2 
Carbon dioxide fixation in healthy and GCM virus diseased vine leaves, as compared to the photo-
synthetic carbon dioxide fixation (POZSÁR— HORVÁTH—LEHOCZKY—SÁROSPATAKI 1969) 
l ted Veltiiner vine 
variety GCM 
symptoms 
Carbon dioxide f ixat ion in cpm 
Chlorophyll 
content 
mg/100 mg 
fresh weight 
Specific activity of CO._, f ixat ion 
in light in the dark 
photo-
synthetic 
cpm/100 mg 
chlorophyll 0/ /О 
H e a l t h y 21 084 147 20 937 
1 
0.350 60 240 100 
Sl ight 4 682 52 4 630 0.167 28 035 46 
Severe 916 31 885 0.021 4 3 619 72 
U n d e r t he i n f l u e n c e of s y n t h e t i c cy tok in ins ( k i n e t i n , b e n z y l a d e n i n e ) — in c o n t r a s t t o 
t h e p a t h o p h y s i o l o g i c a l processes d i s cus sed above — t h e c h lo rophy l l c o n t e n t i n t he leaf t i s s u e s 
i nc reased ve ry s l igh t ly , while t he i n t e n s i t y of p h o t o s y n t h e t i c ca rbon d i o x i d e f ixa t ion r e l a t e d 
to t h e ch lorophyl l l eve l inc reased t o a n e x t r e m e l y h i g h d e g r e e as shown i n T a b l e 3. The l a t t e r 
r e s u l t c a n n o t be s a t i s f a c t o r i l y e x p l a i n e d b y t he increased p h o t o c h e m i c a l a c t i v i t y of c h l o r o p h y l l 
e i t h e r , a l t hough i n a n ear l ie r p u b l i c a t i o n (POZSÁR 1967) a co r r e l a t i on was t h o u g h t to h a v e b e e n 
f o u n d be tween h o r m o n a l e f fec t s a n d c h a n g e s in the p h y s i c o - c h e m i c a l c h a r a c t e r of the c h l o r o -
p h y l l . 
Table 3 
Effect of synthetic cytokinins on the intensity of photosynthetic carbon dioxide fixation in Pinto benn 
leaves ( P O Z S Á R 1 9 6 7 ) 
Cytokinins ppm 
Carbon dioxide fixation in cpm Chlorophyll 
content 
mg/100 mg 
fresh weight 
Specific activity of 
CO, fixation 
in light 
in the 
dark 
: 
photo-
synthetic 
epm/mg 
chloro-
phyll 
О/ 
Cont ro l 9 110 670 8 440 0.87 9 701 100 
K i n e t i n 50 12 570 905 11 665 0.97 12 025 138 
Benzy laden ine 30 19 480 810 18 670 1.05 18 550 221 
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T h e in t ens i t y of p r o t e i n synthesis in t h e leaf tissues can be well cha rac te r i zed by the 
incorpora t ion the 1 4C-labelled amino acids (glycine-l-1 4C) i n t o t h e leaf p ro te ins , wi th the 
method of f l o a t i n g in short t i m e (3 hour) expos i t i ons as described in earlier p a p e r s (DANCS 
P O Z S Á R F E R E N C Z 1 9 6 8 , D A N C S — C S O R B A — P O Z S Á R F E R E N C 1 9 6 9 ) . B y t h e p a r t i a l f r a c -
tioning of leaf proteins we h a v e succcedcd in p r o v i n g directly t h a t the highest r ad ioac t iv i ty 
per uni t t i m e accumulates in t h e soluble p r o t e i n f rac t ion , as s h o w n b y Table 4. I n p r o t e i n frac-
tions the r ad ioac t ive carbon label led amino acid accumula ted a t v e r y different r a t e s . T h e radio-
activi ty of t h e insoluble s t r u c t u r a l protein f r a c t i o n could be d e m o n s t r a t e d only m u c h l a t e r and 
was m u c h lower than in the so lub le f ract ion. O n t h e basis of d a t a o b t a i n e d , the b io syn the t i c in-
tensity of so luble proteins c a n be considered l i nea r , as is clearly seen in Table 5. These d a t a direct-
ly prove t h a t t he synthesis of t h e soluble p r o t e i n s is pr imary in t h e leaf tissues, a n d also t h a t 
their m e t a b o l i s m is supposedly much more i n t e n s i v e , so they p l a y a s ignif icant p a r t in many 
metabolic processes both d i r e c t l y and ind i rec t ly . Th i s is p robably especially t r ue in t h e quan to-
some level , wh ich has e x c e p t i o n a l impor tance in t he p h o t o s y n t h e t i c carbon d iox ide f ixa t ion 
roccsses, a b o v e all in the Calvin-cycle . 
Tab le 4 
Incorporation of radio carbon labelled amino acid (glycine-1-UC) into the different protein fractions 
of the leaves of Bezostaya-l wheat variety, in 1000 cpm/100 mg fresh weight 
Incorporation in hours 
Medium for solu-
bilization 
3 6 18 
0.5% NaCl 12.5 20.1 43.7 
4 N N H . O H — 3.1 22.0 
20% NaOII 
— 
10.6 
Table 5 
Incorporation of radio carbon labelled amino acid (glycine-l-l4C) into the soluble protein fractions 
in the leaves of Bezostaya-l wheat variety 
1000 cpm, 100 mg 
Exposit ion in hours
 f r ( , s h w e i g h t 
1 2 
20 
27 
33 
38 
1 
2 
3 
4 
Owing t o the intensi ty of synthesis of so lub le protein f r a c t i o n i t is highly p r o b a b l e tha t 
specific a c t i v i t y , when re la ted t o the to ta l p r o t e i n s and to soluble p ro te in level, a n d in the 
later cases t h e correlation w i t h t he p h o t o s y n t h e t i c carbon d iox ide f ixa t ion , is m u c h be t t e r 
than when r e l a t e d to the ch lo rophy l l con ten t , especial ly in cases of ex t remely low a n d high 
chlorophyll con ten t s . Table 6 compares the p h o t o s y n t h e t i c c a r b o n dioxide f i x a t i o n d a t a of 
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Table 6 
Photosynthetic carbon dioxide fixation by different plant leaves as related to chlorophyll, to total pro-
tein and to soluble protein content, as a percentage of healthy or untreated ones 
Related 
Chloro -
phyll 
mg 
Total 
protein 
mg 
Soluble 
p ro te in 
Photosynthe t ic CO. f ixat ion 
r e l a t ed t o 
Test materials 
m g 
f resh 
weight in m g 
% m 
t o t a l 
protein 
chloro-
phyll 
mg 
to t a l 
pro te in 
m g 
soluble 
protein 
mg 
Apple leaves 1 0 0 
H e a l t h y 2 . 4 4 . 1 2 . 1 5 3 1 0 0 1 0 0 1 0 0 
In fec t ed by 
Venturia 
inaequalis 1 . 5 3 . 8 0 . 8 2 2 7 7 6 4 4 2 
Vine leaves 1 0 0 
H e a l t h y 0 . 3 5 0 2 . 6 1 . 1 4 5 1 0 0 1 0 0 1 0 0 
GCM symptoms sl ight 0 . 1 6 7 2 . 2 0 . 2 1 1 4 6 3 6 2 6 
severe 0 . 0 2 1 1 . 9 0 . 0 5 3 7 2 1 5 7 
Bean leaves 2 5 0 
U n t r e a t e d 0 . 8 7 1 3 . 4 7 . 6 5 7 1 0 0 1 0 0 1 0 0 
Cytokin in t reated p p m 
Kine t in (50) 0 . 9 7 
• 
1 7 . 0 1 0 . 3 6 1 1 2 4 1 0 8 9 8 
Benzyladenine (30) 1 . 0 5 2 2 . 3 1 6 . 7 7 5 1 9 1 1 3 3 1 0 5 
d i f f e r e n t tes t mater ia l s as related to t he chlorophyll con ten t , to t o t a l prote ins a n d to soluble 
p r o t e i n level, respect ive ly . The new eva lua t i on of specific ac t iv i ty indicates t h e correlation 
ex i s t ing primari ly b e t w e e n the p h o t o s y n t h e t i c carbon dioxide f ixa t ion and the soluble protein 
level . T h e compara t ive d a t a directly show t h a t in the pathological processes the decomposi t ion 
of ch lorophyl l is accompan ied by a p ro te in decomposi t ion and — to an even h igher ex ten t — 
by a decrease of soluble p ro te in level, a n d t h a t the la t ter shows a posi t ive corre la t ion wi th the 
i n t e n s i t y of p h o t o s y n t h e t i c carbon dioxide f ixa t ion . 
According to t h e resul ts of e x p e r i m e n t s carried ou t wi th t he new t y p e of synthe t ic 
p l a n t hormones , the level of soluble p ro t e in f r ac t ions increased pr imar i ly in the leaves, and the 
i n t e n s i t y of p h o t o s y n t h e t i c carbon d ioxide f ixa t ion is re la ted to t he level of soluble proteins 
i n s t ead of being re la ted to the chlorophyll con ten t , then the i n t ens i t y of the process becomes 
equa l i zed , because of t h e posi t ive corre la t ion . When the cy tok in in t r e a t m e n t was appl ied, the 
cor re la t ion between soluble prote ins and pho tosyn the t i c c a rbon dioxide f i xa t i on was nearly 
the s a m e though w i t h h igher values as originally, be ing 9 8 % for k ine t in t r e a t m e n t , and 
1 0 5 % fo r heuzyladenine . 
W i t h a close r e l a t i o n to da ta on p r o t e i n f rac t ioning a n d b y a specially new in t e rp re t a t i on 
of o u r exper imenta l d a t a we have succeeded in point ing o u t d i rec t ly t h a t u n d e r t he inf luence 
of c y t o k i n i n t r e a t m e n t s , t h e level of t he soluble proteins increases pr imar i ly , and t he intensi ty 
of t h e pho tosyn the t i c c a r b o n dioxide f i x a t i o n is posit ively cor re la ted . Owing to t h e posit ive 
cor re la t ion i t is highly p robab le t h a t t h e increased in tens i ty of p h o t o s y n t h e t i c c a r b o n dioxide 
f i x a t i o n in the t rea ted leaves can be a t t r i b u t e d to the increased level of soluble p ro t e in f rac t ions . 
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T h e effect e x e r t e d h y the c y t o k i n i n s 011 the d e v e l o p m e n t of t he chloroplas t and the 
r e g u l a t i o n of i ts u l t r a s t r u c t u r e is especia l ly s igni f icant in t h e abi l i ty of growing leaves to 
p r e v e n t t he decompos i t ion of chlorophyl l . I t also exer t s an in f luence on t h e m a n i f e s t a t i o n of 
b io logica l effect iveness in t h e m a t u r e l eaves , supposedly owing to a s t i m u l a t i n g e f f ec t on t h e 
p r o t e i n synthesis, t h a t is , t h r o u g h a r e l a t i v e increase in t h e level of so lub l e p r o t e i n f rac t ions . 
T h e r e is no d o u b t t h a t a f u n c t i o n a l in te r re la t ion ex is t s b e t w e e n the ch lorophyl l and the 
so lub le protein f r a c t i o n , b u t i t is h igh ly p robab le too , t h a t t h i s corre la t ion does n o t appear 
e i t h e r i n a chemical a ssoc ia t ion or in c o m p l e x fo rma t ion . T h e absence of e i the r is ind ica ted by 
m a n y correlat ion d a t a , f i r s t of all b y t h e f a c t t h a t the ch lo rophy l l is of l y p o p h y l charac te r , 
whi le t h e protein — a n d especially t h e biologically ac t ive soluble p ro te in — is of h y d r o p h y l 
n a t u r e . Spat ia l l i m i t a t i o n can be d e m o n s t r a t e d in t h e u l t r a s t r u c t u r e of t h e ch loroplas t too , 
i n a s m u c h as ch lo rophy l l is localized a l w a y s in the double t h y l a k o i d layers , in an or ien ta ted 
s t r u c t u r e , while t h e so lub le pro te ins a re a r r a n g e d in crys ta l - la t t ice- l ike sub-un i t s in t h e quan to -
s o m e s , t ransversa l ly o n chlorophyl l l a y e r s . 
Th i s spat ial loca l i za t ion of d i s j u n c t cha rac t e r of t h e ch lorophyl l and t h e soluble prote ins 
is i n d i c a t e d also by t h e f a c t t h a t m a t e r i a l s or processes inc reas ing or decreasing t h e chlorophyll 
leve l a r e of ten p e r f e c t l y i n d e p e n d e n t of changes in t he p r o t e i n level. 
Excep t in the case of an e x t r e m e l y low or ex t r eme ly h igh chlorophyl l level , t he in tens i ty 
of p h o t o s y n t h e t i c c a r b o n dioxide f i x a t i o n changes p r o p o r t i o n a l l y w i th t h e soluble pro te in 
c o n t e n t of the ch lo rop la s t , which j u s t i f i e s t h e i n t ens i t y of p h o t o s y n t h e t i c c a r b o n dioxide 
f i x a t i o n related to t h e specif ic ac t iv i ty o n t h e level of soluble p ro te ins . 
B . I . P O Z S Á R 
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IS T. C A R T H L I C U M T H E P R O D U C T OF T . D U R U M x T . A E S T I V U M ? 
I have read t h e manusc r ip t of D r . Gy . Mándy " N e w concept of the or ig in of T. aestivum 
L . " . I would like to m a k e some obse rva t ions on it . 
1. Referring t o ORLOV (1923) t h e a u t h o r considers d u r u m wheat to be of South Afr ican 
or ig in . This is not so. According to N . I . VAVILOV (1964) t h e origin of durum wheat is con-
n e c t e d wi th the E a s t Medi te r ranean . 
2. According t o t h e au thor ' s s c h e m a the origin of durum wheat is d a t e d 1000 В. C. 
R u s s i a n trit icologists, however , claim t h a t there were t r aces of T. durum cu l t u r e 3 or 4 thousand 
y e a r s В . C . ( s e e K . F L A K S B E R G E R 1 9 3 4 , M . M . Y A K U B T S I N E R 1 9 5 6 , 1 9 5 7 ) . A c c o r d i n g t o N . I . 
VAVILOV (1964) " t h e h i s t o r y of d u r u m w h e a t culture is los t in the dep th of mi l lenn ia" . 
3. There can be f o u n d other unre l iab le da t a , namely : a) var ie ty T. georgicum is wrongly 
desc r ibed as being of N o r t h Caucasian or ig in ; b) the h y p o t h e s i s on T. carthlicum as a resu l t 
of hybr id i za t ion b e t w e e n d u r u m and a e s t i v u m wheat is ass igned wrongly t o K . F laksberger ; 
as a m a t t e r of fac t F l aksbe rge r (p. 281) is against this a s s u m p t i o n ; c) t h e or igin of Triticum 
monococcum is da ted b y t h e author a b o u t 9000—7000 y e a r s В. C., b u t t he oldest f ind ings of 
t h i s species are f r o m 7000; the date 9000 established b y RUDORF (1968) m u s t be queried; d) 
t he assumpt ion of n e i g h b o u r l y re la t ion be tween the a r e a s o n which urartu a n d Ae. speltoides 
grew in Southern C a u c a s u s does not correspond to the f a c t s . 
4. Some of t h e a u t h o r ' s assert ions lack a suff icient bas is , namely: a) o n the origin of T. 
spelta as a result of c ross ing between T. carthlicum and Ae. squarrosa ( accord ing to McFadden 
a n d Sears the Triticum p a r e n t was dicoccoides or dicoccum) ; b) on turanicum as an offspring of 
georgicum; c) on t h e specia l phylogenet ica l role of urartu w h e a t and its spec i f ic separa t ion : 
as a m a t t e r of f ac t , t h i s whea t is close t o T. beoticum grow ing together wi th i t in eoenosis a n d 
accord ing to N. I . V a v i l o v , K. A. F l aksbe rge r , E. N. S i n s k a y a it is not w o r t h ment ioning as a 
species; d) on a t t r i b u t i n g seeds found i n t h e excavat ions of D j a r m o not to T. dicoccum b u t t o 
georgicum. 
5. Some lack of c la r i ty can be f o u n d in the tex t : a ) d i d I ran ian spel ta come in to exis tence 
ear l ier t han aestivum w h e a t or not ; b) w h a t is the connec t ion between the a r e a of Ae. squarrosa 
and t h e migra t ion of georgicum ; c) w h a t is t he origin of ispuhanicum w h e a t ? 
6. In con t r ad i c t ion to the I n t e r n a t i o n a l Codex of Bo tan ica l N o m e n c l a t u r e the a u t h o r 
o f fe r s classification s c h e m e s concerning t h e taxonomic u n i t s T. boeolicum, T. dicoccum conv . 
iranicum and conv. vavilovi. Besides th i s , t he au thor ' s inconsis tence is p r o v a b l e . On page 7 
he r i g h t l y criticises M a c K e y for b r ing ing together species which are h ighly d i f fe ren t in the i r 
t i m e of origin, but a t t h e same time t h e a u t h o r of the m a n u s c r i p t himself p laces the p r imi t ive 
w h e a t , T. dicoccum t o g e t h e r with t he species of turgidum a n d others. I n p a r t i c u l a r I p ro tes t 
a g a i n s t placing the h i g h diversi ty of d u r u m wheat in t h e " b e d of P r o c r u s t e s " of a convar ie tas . 
M . Y A K U B T S I N E R 
Sta te Resea rch I n s t i t u t e N . I . Vavi lov, 
Len ingrad 
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W H A T D O W E NOT K N O W A B O U T W H E A T E V O L U T I O N ? 
The evolut ion of our crop plants is a f asc ina t ing sub jec t . This is even more so because 
t h e histories of two of our mos t impor tan t cereals , whea t and ma ize , which ten y e a r s ago seemed 
to be well unde r s tood , are now known no t t o be so. Active r e sea rch and d e b a t e are under 
w a y in an a t t e m p t to c la r i fy the origins of b o t h of these grasses, a n d in this r e s p e c t Professor 
M a n d y ' s pape r " N e w concep t of the origin of Triticum acstivum L . " (Acta Agronomica Vol. 
19. N o . 3—4) is t imely . 
Professor Mandy does no t repor t a n y new research. His p a p e r is based o n a re-inter-
p r e t a t i o n of the exis t ing l i t e ra tu re , much of which he ignores, pa r t i cu la r ly tha t pub l i shed more 
r ecen t ly . Never theless , his p a p e r does raise some impor t an t a n d in teres t ing po in t s w i t h regard 
to w h e a t evolut ion, which a re no less val id fo r his b ibl iography being uneven. 
Professor M a n d y ' s views are summar i zed in his " S k e t c h of the origin of w h e a t species, 
p a r t l y on the basis of the l i t e ra tu re , pa r t ly b y t h e au thor ' s c o n c e p t . " My first p o i n t of disagree-
m e n t wi th Professor M a n d y and, 1 fear , w i t h m a n y other people , is his a c c e p t a n c e of the 
hypo thes i s t ha t Aegilops speltoides Tausch is t he origin of b o t h t h e donor of t he В genome of 
Triticum dicoccoides K o r n . and t he second genome of T. georgicum Dekapr . (T. palaeocolchicum 
toen . ) . According to JOHNSON (1967) T. palaeocolchicum has a s to rage protein p a t t e r n similar 
t o T. timopheevi Zhuk . , a l t h o u g h its meiot ic p a t t e r n links i t to T. dicoccoides (MATSUMURA 
NEZU—KOSHIBA 1958). Ev idence t h a t Ae. speltoides is the source of the В g e n o m e of te t ra-
ploid w h e a t came f r o m the work of SARKAR STEBBINS (1956). RILEY UNBAU—CHAPMAN 
(1958) and REES WALTERS (1965). All t h r ee of these papers h a v e the t endency t o confuse a 
b io type wi th a species, a l t hough this is less of a criticism for t h e f i rs t paper, w h e r e as much 
ma te r i a l was s tudied morphological ly as was available. H o w e v e r , the m a t e r i a l available 
nowhere approached the fu l l e x t e n t of the geographica l range, no r t he morphological diversity 
of a n y of the species concerned . Moreover, t h e r e is considerable d o u b t whether t he method of 
e x t r a p o l a t e d correlates (ANDERSON 1949) is able to dist inguish a specific ancestor f r o m among 
severa l morphological ly s imi lar cdntenders . S a r k a r and S tebb ins were aware of t h i s , for they 
d id n o t exclude Ae. bicornis, Ae. sharonensis or some as ye t undiscovered Ae. speltoides-like 
t a x o n . T h e y did not , however , en te r ta in t h e idea tha t o ther diploid wheats m i g h t be the 
donor s of second genome of t he te t rap lo id w h e a t s , as well as be ing the donor of t h e A genome. 
Diplo id whea t , T. monococcum L. , which inc ludes T. boeoticum Boiss. . T. aegilopoides (Link) 
Bal . , T. thaoudar R e u t , and T. urartu T u m . , is morphological ly a variable species w i t h some 
b io types having poorly developed glume t e e t h . Some wild collections of t e t r a p l o i d wheat 
h a v e g lume charac te r s which approach those of diploid wheat . 
The k a r y o t y p e evidence of lt i ley et al. ha s , perhaps , rece ived the g rea te s t a m o u n t of 
a t t e n t i o n , even though the i r pape r does no t say how many b i o t y p e s of each species t h e authors 
looked a t . T h a t they looked a t only a few b i o t y p e s appears p robab le , for they r e p o r t e d only 
one pa i r of chromosomes wi th satellites for diploid wheat . Nor d id they men t ion t h a t diploid 
w h e a t can have two pa i r s of chromosomes w i t h satellites, desp i t e there being m a n y reliable 
r epo r t s of such a k a r y o t y p e in the l i t e ra ture p r io r to 1958 (GIORGI BOZZINI 1969). T h e karyo-
t y p e s tud ies of Waines and K imbe r (unpub l i shed) indicate t h a t d i f fe ren t b io types of diploid 
w h e a t have var iable k a r y o t y p e s wi th one or t w o pai rs of sa te l l i ted chromosomes. T h e r e is also 
considerable va r i a t ion in t h e size of the sa te l l i tes , a l though as y e t nothing so l a rge as the 
sa te l l i tes of t e t r ap lo id w h e a t has been f o u n d . I n some b io types t he constr ic t ions m u s t he so 
t e r m i n a l t h a t satell i tes a p p e a r to be absent . Ae. comosa is ano the r diploid species w i t h a variable 
k a r y o t y p e (WAINES 1969) a n d th is fac t poses t he quest ion of how m u c h var iab i l i ty the re is in 
t he k a r y o t y p e s of t h e o the r species. Rare ly h a v e a suff ic ient n u m b e r of b iotypes b e e n looked 
a t t o ascer ta in t he var iab i l i ty . 
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The p a p e r of REES —WALTERS (1965) . who i n f e r r e d evo lu t iona ry r e l a t ionsh ips f r o m 
e s t ima t ions of nuc lea r D N A , also s u f f e r s f r o m being u n c l e a r wi th r e g a r d t o t h e n u m b e r of 
b io types s tud i ed . I t wou ld appea r t h a t no more t h a n o n e or two b i o t y p e s f o r m e d the b a s i s 
for va lues a t t r i b u t e d to t h e whole species . In t raspec i f i c v a r i a t i o n in D N A c o n t e n t has b e e n 
f o u n d where i t has b e e n inves t iga ted (NISHIKAWA—FURUTA 1969). One is l e f t wonder ing i n 
t h e absence of a t h o r o u g h s tudy of i n t r a s p e c i f i c v a r i a t i o n in D N A c o n t e n t p e r nucleus in a 
wild species, w h e t h e r th i s me thod is a n y more reliable t h a n k a r y o t y p e s t u d i e s for de r iv ing 
e v o l u t i o n a r y r e l a t ionsh ips . 
T e n t a t i v e ev idence t h a t Ae. speltoides c o n t r i b u t e d t h e c y t o p l a s m of t h e cu l t i va t ed 
w hea t s (SUEMOTO 1968) h a s recent ly b e e n contes ted b y M a a n (personal c o m m u n i c a t i o n ) , w h o 
f o u n d t h a t Ae. speltoides cy top la sm i n d u c e d male s t e r i l i t y in c o m b i n a t i o n w i t h emmer a n d 
b r e a d w h e a t genomes . A more t h o r o u g h survey of t h e con tende r s fo r t h e source of t h e В 
genome of w h e a t is t o be found in a r e c e n t review by SEARS (1969). F r o m t h i s review and f r o m 
the above , I conc lude t h a t Ave do not k n o w t h e donors of t h e В and G g e n o m e s of the t e t r a p l o i d 
w h e a t s . A t p r e s e n t , t h e mos t p r o m i n e n t cand ida tes a re ( in a lphabe t ica l o r d e r ) Ae. bicornis, 
Ae. longissima, Ae. mutica, Ae. sharonensis, Ae. speltoides a n d T. monococcum. Some of t h e s e 
d ip lo ids a p p e a r t o h a v e cons iderable in t raspec i f ic v a r i a b i l i t y , c o n t r a r y to the view of 
ZOHARY—FELDMAN (1962), and a t h o r o u g h search Avithin these t a x a s h o u l d be u n d e r t a k e n 
us ing all ava i lab le b i o s y s t e m a t i c m e t h o d s . 
T h e r e is, as y e t , no eA'idence t h a t T. urartu (T. monococcum) c o n t r i b u t e d the A g e n o m e 
of T. georgicum. T h e single accession of T. urartu which I h a v e s tudied d o e s h a v e a s o m e w h a t 
d i f f e r e n t s to rage p r o t e i n p a t t e r n f r o m t h e o the r k n o w n p a t t e r n s for the d i p l o i d wheats . I t i s , 
hoAvever, too ear ly to sav Avhether t h i s t a x o n has p l a y e d a role in the e v o l u t i o n of the t e t r a -
p lo id Avheats. 
A n o t h e r c r i t ic i sm of the scheme w h i c h Professor M a n d y proposes is t h i s : if T. georgicum 
(T. palaeocolochicum) has , as JOHNSON (1967) suggests, t h e p r o t e i n p a t t e r n of t h e T. timopheevi 
complex , which is d i s t i n c t f r o m t h e Syr io -Pa les t in ian r a c e of T. dicoccoides, t h e n quite a f e w 
m u t a t i o n s m u s t h a v e occur red for T. carthlicum and T. turanicum to h a v e evolved f r o m T. 
georgicum. Bo th T. carthlicum and T. turanicum ha t e ine io t i c chromosome p a i r i n g and s t o r a g e 
p ro t e in p a t t e r n s cha rac t e r i s t i c of t h e Syr io -Pa les t in ian r a c e of T. dicoccoides, f r o m which i t is 
t h o u g h t T. dicoccum a n d the c u l t i v a t e d e m m c r - t y p e Avheats were d o m e s t i c a t e d (HARLAN 
Z O H A R Y 1 9 6 6 ) . 
If t h e cultiA'ated emmers were d o m e s t i c a t e d f r o m t h e wild T. dicoccoides s tands of t h e 
u p p e r J o r d a n Val ley , as H a r l a n and Z o h a r y suggest , a n d if t h e y are d i s t i n c t f r o m the T u r k e y -
I r a q - I r a n race of T. dicoccoides (SACHS 1953, WAGENAAR 1961, 1966), t h e n cu l t iva ted e m m e r 
m u s t haA-e been car r ied b y m a n OA'er t h e f e r t i l e crescent t o no r thwes t e rn I r a n a n d the Caucasus 
region for i t to h y b r i d i z e wi th Ae. squarrosa and fo rm t h e amphiploid w e know as hexap lo id 
w h e a t . I f , however , Avild t e t rap lo ids w i t h the cha rac te r i s t i c pro te in p a t t e r n a n d chromosome 
pa i r ing of the Sy r io -Pa le s t in i an race of T. dicoccoides a r e natiA'e in the C a u c a s u s region, t h e n 
domes t i ca t i on migh t h a v e t a k e n p lace t h e r e in add i t ion t o , or ins tead of , i n t h e upper J o r d a n 
Val ley , and e m m e r wou ld not have h a d to be t r a n s p o r t e d to this area t o hybr id i ze Avith Ae. 
squarrosa. 
T h e wild t e t r a p l o i d whea t of t h e Caucasus a r e a h a s been cal led T. araralicum b y 
J a k u b z i n e r . for i t is morpholog ica l ly d i s t i n c t f rom the Syr io -Pa les t in ian T. dicoccoides a n d it 
has ch romosome p a i r i n g a f f in i ty (WAGENAAR 1961) a n d pro te in p a t t e r n a f f i n i t y (JOHNSON 
1967) wi th T. timopheevi. Recent ly TANAKA— ISHIKAAA'A (1968) have i d e n t i f i e d two types of 
T. araraticum. T h e f i r s t t y p e f o r m s f e r t i l e hybr ids w i t h T. timopheevi, Avhile the second t y p e 
does no t . NISHIKAWA — SAWAI (1969) m e a s u r e d the r e l a t i v e a m o u n t s of n u c l e a r DNA in t h e s e 
t w o t y p e s and f o u n d t h a t the f i r s t t y p e h a s an a m o u n t of D N A similar t o T. timopheevi, w h i l e 
the second t y p e a p p r o a c h e d the D N A c o n t e n t of the T. dicoccum-type w h e a t s . While sc reen ing 
15 Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
2 0 6 
г о н и м 
biotypes of T. araraticum co l lec ted in the Caucasus area for p r o t e i n pa t te rn , W a i n e s (unpub-
lished) also caine across t w o t y p e s , one with t h e p a t t e r n of T. timopheevi and t he o t h e r with a 
pa t t e rn s imi l a r to the Syr io-Pa les t in ian race of T. dicoccoides. A l t h o u g h meiotic chromosome 
pairing s t u d i e s have yet to b e under t aken , i t does appear t h a t t h e te t raploid w h e a t s of the 
Caucasus a r e a are a he t e rogeneous group, and t h e r e is the poss ib i l i ty t ha t the Syr io-Pales t in ian 
race of T. dicoccoides is n a t i v e t h e r e too. In t h i s connection P r o f e s s o r Mandy's ques t ion regard-
ing the i d e n t i t y of the c a r b o n i z e d grains f o u n d a t archeological s i t es in I raq is v e r y per t inen t . 
Did these g ra ins come f r o m p l a n t s which were descended f r o m t h e popula t ions of t h e upper 
Jo rdan V a l l e y , or might t h e y h a v e been de r ived f r o m plants c loser by in the Caucasus- I raq-
Iran reg ion? I n other words , h o w thorough is o u r knowledge of t h e populat ions of t e t rap lo id 
wheat in t h i s area? 
As t o which te t rap lo id w h e a t or whea t s hybridized w i t h Ae. squarrosa to f o r m T. aesti-
vum (T. vulgare) and the o t h e r hexaploid w h e a t s , we may be u n a b l e to answer. T h e reasons 
for this a r e adequate ly set f o r t h by MAC KEY (1966), whose p a p e r Professor M a n d y does not 
appear t o h a v e taken fu l ly i n t o account. H o w e v e r , because of i t s protein p a t t e r n , i t seems 
unlikely t h a t T. georgicum w a s involved. In t h e above paper , M a c K e y also discusses t h e inter-
re la t ionships between the v a r i o u s kinds of h e x a p l o i d wheats. 
T h e r e are still m a n y b l a n k areas in o u r knowledge of t h e present day d i s t r ibu t ion of 
diploid a n d te t raploid w h e a t . N o t only have t h e large world col lec t ions not been inves t iga ted 
as t h o r o u g h l y as they m i g h t h a v e been, b u t some remote a r e a s have yet to lie covered. 
Contrary t o w h a t is to be e x p e c t e d from gene t ic theory , far too m a n y workers in w h e a t think 
tha t because whea t is m o s t l y sel f -pol l inat ing, the re is little i n t r a spec i f i c va r i a t i on , and that 
one or t w o b io types can be considered r ep re sen t a t i ve of t he species. In f ac t t h e opposite 
ought to he , and appears t o b e , the case. 
W e o u g h t to be wary of ex t rapola t ing t o o readi ly f rom t h e e a r l y cytogenet ic a n d karyo-
typic work , which was u n d e r t a k e n before la rge collections of t h e wild species were available. 
For e x a m p l e , al though K i h a r a ' s table of g e n o m e formulae for t h e genus Aegilops is a monu-
mental w o r k , i t should be r e m e m b e r e d t h a t in m o s t instances K i h a r a worked w i t h only one 
or two b i o t y p e s of each d ip lo id analyser species (KIHARA 1937, 1954). This fac t , a lone , might 
help exp la in t he high p r o p o r t i o n of " m o d i f i e d " genomes in t e t r a p l o i d Aegilops, par t icu lar ly 
in the t e t r a p l o i d s containing t h e M genome. Cer ta in ly Aegilops comosa (genome f o r m u l a M) 
is a very v a r i a b l e diploid spec ies . Kihara was a w a r e of the l i m i t e d number of b i o t y p e s in his 
collection, because he listed f i v e possible e x p l a n a t i o n s to a c c o u n t for the modi f ied genomes, 
one of w h i c h was var iat ion i n t h e original d ip lo id species (KIHARA 1954). In t he i r work with 
storage p r o t e i n pat terns in t h e Aegilops-Triticum group, J o h n s o n a n d Waines h a v e f o u n d tha t 
the p a t t e r n s c a n be very v a r i a b l e wi th in the d ip lo id species, are less variable wi th in t he tetra-
ploid species (contrary to t h e views of ZOHARY—FELDMAN 1962) a n d are very s imi la r within 
the hexap lo id species. 
T h e v iews expressed b y Professor M a n d y ul t imately ra ise t h e question as t o which is 
the most u s e f u l way of s t u d y i n g wheat e v o l u t i o n . In my v iew, e a c h b iosys temat ic method , 
morphology, ana tomy, g e n o m e ana lys s (me io t i c chromosome pa i r ing) , k a r y o t y p e analysis, 
cytoplasm analys is and t h e va r ious chemotaxonomic me thods shou ld be car r ied o u t on a 
geographical ly representa t ive sample of the b i o t y p e s which c o m p r i s e each species. Then the 
variabi l i ty w i th in and b e t w e e n t he species m i g h t be assessed. T h e ancestors of a par t i cu la r 
polyploid m i g h t be expected t o be those b i o t y p e s which h a v e m o r e genetic i n f o r m a t i o n in 
common w i t h the polyploid t h a n do other b i o t y p e s . Therefore w e need to know h o w reliable 
the var ious biosystemat ic m e t h o d s are at e s t i m a t i n g shared gene t i c in format ion in a par t icu lar 
plant g r o u p . Th i s will be a t i m e consuming a n d laborious process, b u t without th i s knowledge 
we are u n a b l e to say t h a t t h e evolut ionary h i s t o r y of whea t , o r any other p l a n t , is well 
unders tood. 
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Finally, t he quest ion of the source of the В genome of wheat should be re-opened. W e a re 
only deluding ourselves if we th ink t h a t the case for Ae. speltoides, or f o r t h a t matter for a n y 
other diploid, has been proved beyond all reasonable d o u b t . There are still many ques t ions t o 
he answered with r ega rd to species evolution in the Aegilops-Triticum g roup , and any o r ig ina l 
scientific invest igat ion in this field should be welcome. 
J . G . W A I N E S 
D e p a r t m e n t of Genet ics , 
Un ive r s i ty of Missouri , 
Columbia , Missouri 
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HAS W E S T GEORGIA P A R T I C U L A R P O S I T I O N 
IN T H E T R A N S C A U C A S I A N B R E E D I N G G R O U N D ? 
Professor Mándy p r o p o s e d an original concep t ion concerning the origin of Triticum 
aestivum L. a n d a new evo lu t i ona ry classification of the Triticum genus . 
The p r o b l e m of origin of t h e T. aestivum L . d raws , at p r e sen t , b road a t t en t ion , because 
master ing t h e me thod of e x p e r i m e n t a l fo rma t ion of species al lows to reconstruct t h e given 
species in t h e t r e n d needed fo r product ion . 
No less in te res t is evoked b y problems of t a x o n o m y of the g e n u s Triticum, fo r i n recent 
years our knowledge in the f i e ld of genetics a n d p h y l o g e n y of whea t h a s greatly i nc reased and 
hence there is a possibility t o app roach the t a x o n o m y of the g e n u s Triticum in a new way. 
The increase is proved by t he f a c t t ha t during t h e recent ten y e a r s three new class i f ica t ions 
of the genus h a v e been p u b l i s h e d : BOWDEN (1959) , MAC KEY (1963, 1968). 
All t hese allow us to cons ide r the work of M á n d y as represent ing broad scientif ic in t e re s t . 
M á n d y based his concep t ion on the ex i s t ence of two major p r i m a r y breeding g r o u n d s of 
the wheat spec ies : 
1) As ia Minor, where f o r m a t i o n of t e t r a p l o i d wheat species T. dicoccum Schiibl . , 
T. durum D e s f . and T. turgidum L . mainly t ook p lace , front e incorn T. boeoticum Boiss . and 
T. monococcum L . Here evo lu t ion of the genus Triticum ended, in pr inciple , at the t e t r a p l o i d 
point . 
2) T ranscaucas i an (Wes t Georgian), where hexaploid whea t s (T. macha Dek . e t Men.. 
T. spelta L . ) h a v e been conceived and in p a r t i c u l a r T. aestivum L. species have been fo rmed . 
Eincorn T. urartu Thum, and t e t r ap lo id species T . georgicum Dek. a n d T. carthlicum Nevsk i . 
served as t h e in i t i a l ones. 
One c a n easily agree w i t h t he division of w h e a t species f o r m a t i o n according t o breed-
ing ground. I shou ld only like t o emphasize t h a t i n t he Transcaucas ian breeding g r o u n d West 
Georgia occup ies par t icular pos i t i on . Vi; est Georgia , separa ted f r o m E a s t Georgia and t h e whole 
Transcaucasia b y the Sourami r idge , is d is t inguished f r o m other reg ions by h igh concen t r a t i on 
of pr imary w h e a t species. U p to t he present d a y t h e relic species of T. timopheevi Z h u k . . T. 
zhukovsky Men . et Er. , T. georgicum Dek. and T. macha Dek. et Men. h a v e remained. An e n d e m -
ic for all T ranscaucas i an species T. carthlicum N e v s k i . . or, according t o the new c lass i f ica t ion 
T. persicum Z h u k . * also is well represented here. W e also meet here At. squarrosa L. , t h e source 
of " D " genome in hexaploid w h e a t s . 
I see t h e role of p a r t i c u l a r West Georgian species in the f o r m a t i o n of soft W h e a t as 
follows: 
T. timopheevi Zhuk. a n d T. zhukovsky M e n . e t Er . , with t h e genomic fo rmu la AAGG 
forms a l a t e ra l b r anch in the Triticum genus e v o l u t i o n and owing t o t h e isolating m e c h a n i s m 
(disynapsis) of species, T. timopheevi Zhuk. e v i d e n t l y does not t a k e p a r t in the f o r m a t i o n of 
soft wheat . 
Three o t h e r Georgian e n d e m i c species T. georgicum Dek., T. macha Dek. e t M e n . and 
T. carthlicum Nevsk i . in r e t u r n p l ayed an i m p o r t a n t par t in the f o r m a t i o n of the m e n t i o n e d 
species. 
T. georgicum Dek., — T. palaecolchicum M e n . lias been l o c a t e d only in Wes t Georgia 
and has never b e e n found e lsewhere . Archaeological excavat ions s h o w e d that it was c u l t i v a t e d 
here long ago — even in the Neo l i th i c era. 
I t does n o t stand ou t b y polymorphism ( t h r e e variety), b u t i t distinguishes f r o m T. 
dicoccum Schi ib l . morphological ly ra ther acute ly e .g . , by high d e n s i t y of ear (D = 44 50) 
* T. carthlicum Nevski. occurs in entire Transcaucas ia , h u t s t a n d s out by t h e largest 
po lymorphism a n d is most v a r i a b l y cultivated in Georgia. 
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t ha t is p r o v i d e d hy the zigzag s t r u c t u r e of the r ach i s a n d hy shor tened ear scalc. Morpholog i -
cally i t r a t h e r r eminds s t roud -ea red forms of macha. On this basis Mackey considers i t as a 
tetraploid pa ra l l e l of mac/ia-species. 
Accord ing to the n a t u r e of meiosis T. georgicum Dek., as MATSUMURA et al. (1958) 
claims, shows re la t ionship w i t h T. dicoccum Schiibl . a n d hence he p u t s i t down as a subspec ie s 
of the l a t t e r . 
A keen morphologica l s imi lar i ty of T. georgicum Dekapr . w i t h some other f o r m s of 
T. macha Dek . e t Men. allows u s t o assume, t h a t i t t o o k pa r t in t he f o r m a t i o n of this s p e c i e s . 
T. macha Dek . et Men. is also a relic species fo r West Georgia. No tab le for i t s r e l a t i v e 
polymorphism (14 varieties), i t consists of two subspec ies . 
The f i r s t subspecies — ssp. tubalicum D e k a p r . is character ized b y friable a n d semi-
friable ears w i t h densi ty coef f ic ien t (D = 2 4 — 2 3 ) . I n ear fragi l i ty i t resembles 'Г. spelta L. 
and the mos t f r i ab l e forms h a v e ea r s t h a t split n e a r l y as easily as t h a t of wild wheat . 
The second subspecies ssp. imereticum D e k a p r . is notable for i t s dense and s u p e r d e n s e 
ears with dens i t y coefficient (D 35 -57) . By f r a g i l i t y i t resembles T. dicoccum Schiibl . 
The m o s t probable way of T. macha Dek . e t Men. species f o r m a t i o n is s p o n t a n e o u s 
interbreeding of te t raplo id species a n d j o r in this case T. georgicum D e k a p r . with Ae. squarrosa 
L. with s u b s e q u e n t amphid ip lo id iza t ion . West Georg ia , as noted above , is one of t h e a r e a s 
lor the l a t t e r species. T h a t is w h y th i s kind of i n t e r b r e e d i n g could h a v e occurred r a t h e r ea s i ly . 
T. macha Dek . et Men. h a s also been f o u n d in W e s t Georgia d u r i n g the archaeologica l 
excavat ions a n d it has been bel ieved to date f r o m Neoli thic era. There fo re , we can a s s u m e 
t h a t T. macha Dek . e t Men. h a s been formed ear l ie r t h a n wheat a n d is more ancient t h a n 
T. spelta L. 
We can comple te ly agree w i t h Mándy, t h a t t h e origin of T. aestivum L. was p o l y p h y l a t i c 
and tha t th is species was being f o r m e d in more t h a n one point (polytonica l ly) and r e p e a t e d l y . 
I t seems to me t h a t for t h e present we can accep t the fol lowing four as the p r o b a b l e 
mode of origin of T. aestivum L . : 
1) t h e f i r s t way of t he f o r m a t i o n of soft w h e a t is the amphidip lo id iza t ion of T. carthli-
cum Nevski. a n d Ae. squarrosa L. hyb r id . 
As Mac K e y proved, T. carthlicum Nevski . is a bearer of gene which provides l igh t 
thrashing a n d s t r e n g t h of rach i s , a n d wild cereal Ae. squarrosa L. is t h e source of g e n o m I) . 
Areas of T. carthlicum Nevsk i . and Ae. squarrosa L. coincide. T h e l a t t e r occurs in h i g h 
mounta ins a n d hence spon taneous in terbreeding c a n be realized be tween T. carthlicum N e v s k i . 
and Aegilops, a n d i t seems t h a t i t ha s been h a p p e n i n g f requent ly . 
This process could occur in every part i n h a b i t e d hy Ae. squarrosa L . , as in T ranscaucas i a . 
The g e n o m s t ruc tures of T . macha Dek. e t Men . and T. aestivum L. are perfectly co r rob -
orated in works of an Es ton ian scient is t IAASKA (1969), who showed, t h r o u g h e lec t rophores is , 
tha t T. macha D e k . et Men. t o o k p a r t in the or igin of all hexaploid w h e a t s . 
2) As a resu l t of i n t e rb reed ing of T. macha D e k . et Men. w i t h T. carthlicum N e v s k i . 
This in t e rb reed ing should resu l t in nonfrial i le-ears w i t h 42 chromosomes , for T. carthlicum 
Nevski. is a ca r r i e r of gene-Q, t h a t provides non f r i ab i l i t y of rachis . 
3) T h r o u g h muta t ion of T. macha Dek. e t M e n . species — b y m e a n s of small c o n s i s t e n t 
muta t ions f r o m T. macha Dek. e t Men. species. T h e process has been real ized in the fo l lowing 
direction: f i rm ly fr iable , f i rmly nonf r iab le , open, non f r i ab l e . 
This w a y of T. aestivum L . fo rmat ion has b e e n s tudied by K u c k u c k on the e x a m p l e 
of Iranian T. spelta L . (KUCKUCK 1959). I t may be p r o b a b l e for T. macha Dek . et Men., b e c a u s e 
very s t rong-eared forms occur f r e q u e n t l y among t h e s e species. 
4) A n d a t las t the f o u r t h w a y of T. aestivum L . fo rmat ion — in te rb reed ing of T. macha 
Dek. et Men. f o r m s wi th the p r i m a r y T. spelta L. (or ig ina ted by i n t e rb reed ing of T. dicoccum 
Schiibl. or some o t h e r t e t rap lo id species with Ae. squarrosa L.). This w a y has also been s t u d i e d 
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by Kuckuck o n t h e example of in te rbreed ing T. spelta L. species w i t h I r a n i a n T. macha D e k . 
e t Men.* I h a v e also intercrossed I ran ian T. spelta L. wi th t igh t -ea red forms of T. machu 
Dek. et Men. ( ssp imereticum) a n d received a n o n f r i a h l e form t h a t is similar to a r ig id T . 
aestivum L. 
Receipt of nonfr iahle ear f o r m s as a result of t h e two f r i ab le - s t emmed forms i n t e r b r e e d -
ing can be e x p l a i n e d by the f ac t t h a t I ranian T. spelta L. and T. macha Dek. et Men. c o n t a i n 
genes q, and f i v e doses, of q, h a v e t he same ef fec t as t w o doses of Q. 
The above-men t ioned d a t a demons t ra te t h a t in three cases so f t w h e a t has been f o r m e d 
w i t h the p a r t i c i p a t i o n of T. macha Dek . et Men. a n d therefore with the pa r t i c ipa t ion of T. geor-
gicum Dek. spec ies . 
To our r e g r e t we know l i t t l e of phylogenet ic interrelat ion b e t w e e n T. georgicum D e k . 
and T. carlhlicum Nevski. And w h a t we know does n o t show m u c h s imi lar i ty be tween t h e m . 
As it is men t ioned above , among t e t r ap lo id whea t s only T. carthlicum Nevski . is t h e 
bearer of gene Q , t h a t provides c u l t u r a l type of w h e a t . 
T. carthlicum Nevski. D i k a (a Georgian n a m e of this species) is a moun ta inous s p r i n g 
whea t cu l t iva ted mainly in Georgia . Black-eared f o r m of Dika (v. fuliginosum) is f o u n d a long 
t he whole S o u t h e r n slope of t he Main Caucasian r a n g e , f rom Svane t i t o Dages tan pass ing he re 
and there over t h e Nor thern s lopes . B u t b lack-eared Dika . a p p a r e n t l y , did not t a k e p a r t in 
t he origin of s o f t whea t . This h a p p e n e d with the p a r t i c i p a t i o n of whi te -eared Dika (v. strami-
neum). I t is wide-spread in Georgia and Armenia a n d is f requent ly m e t wi th as an a d m i x t u r e 
i n Azerbaizan. 
As for t h e origin of T. carthlicum Nevski . , t h e alloploid n a t u r e of this species does no t 
arise suspicion. I t originated as a resul t of h y b r i d i z a t i o n tha t took p lace long ago. 
VAKAR (1930) having inves t iga ted prairie f o r m s of this species, came to the conclus ion 
t h a t species " D i k a " , the p resen t f o r m , is a qui te ba lanced species. 
Among t e t r a p l o i d whea t s , " D i k a " T. carthlicum Nevski. shows the strongest s imi l a r i t y 
wi th T. dicoccum Schiibl. and t h e great r e semblance is noticed a t t he s tage of earing. Pe r c iva l 
re la ted T. carthlicum Nevski. as a nonfr iahle select ion of T. dicoccum Schiibl. species. 
VAKAR (1932) having s t u d i e d the meiosis of hybr id between T. dicoccum Schiibl . and 
T. carthlicum N e v s k i . ascertained t h a t most f i gu re s of meiosis give an idea of its erect course . 
I t is necessary t o point out still t h a t the lag of c h r o m o s o m e s and f low of anaphase is no t a r a r e 
phenomenon. Never the less h y b r i d s form a w o n d e r f u l full pollen. 
On t h e bas i s of these d a t a I ven tu re t o assume the ex is tence of phy logene t i c 
similarity b e t w e e n T. dicoccum Schiibl. and T. carthlicum Nevski . 
Pa ra l l e l i sm between d e n s i t y of crops of these species, some kind of c losenes-
be tween t h e m a n d also the i r la rge po lymorph i sm on the S o u t h e r n slopes of t h e sou th 
Caucasian r a n g e and nearby a r e a s , permit us t o assume tha t th i s species has been f o r m e d 
front T. dicoccum Schiibl. in E a s t Georgia. 
The p r inc ip l e idea of p ro f . Mándy tha t t he p r i m a r y origin of whea t took place i n t w o 
breeding g r o u n d s (Asia Minor a n d Transcaucasia) , is qui te acceptable . W e can also agree w i t h 
the idea t h a t t h e r e have been t w o ways of evo lu t ion in Triticum genus , and evolut ion in Asia 
Minor s topped basically at t he te t rap lo id level. O t h e r authors do n o t poin t out or unde r l i ne 
this propos i t ion . 
* I s o l a t i n g mechanism b e t w e e n T. macha D e k . et Men. species ( F t le thal i ty as a r e su l t 
of hibrid necros i s ) and other hexap lo id wheats is n o t absolute. W h e n being intercrossed w i t h 
German T. spelta L. , the forms of T. macha Dek. e t Men. die as a resu l t of hybr id necrosis , b u t 
they give r a t h e r normal p o s t e r i t y when in te rc rossed with the represen ta t ives of a s p a n i s h 
eco-morphological group of T. spelta L. (DEKAPRELEVICH YASIIAGASHVILI 1970). 
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Above-mentioned da t a about t he role of definite w h e a t species in the origin of T. aestivum 
L. pe rmi t us to agree part ia l ly with M á n d y ' s evolut ionary classification. F o r f ina l acceptance 
of th is classification we have to specify the interrelat ion between T. urartu Thum, and T. 
georgicum Dek. species and between T. georgicum Dek. a n d T. carthlicum Nevsk i . 
L . L . D E K A P R E L E V I C H 
Agricul tura l Research I n s t i t u t e of Georgia, 
Tbilisi 
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IS Т. DICOCCOIDES D I F F E R E N T F R O M T. DICOCCUM? 
The first s incere critic refers to his neglect of t h e tetraploid wild forms of whea t . 
They existed prior to cult ivation and a r e definitely t he progeni tors of the cul t iva ted emmers . 
Uicoccum evolved f r o m dicoccoides l ike monococcum f r o m boeoticum. The domest icat ion p ro-
cesses run just para l le l and in the J a r m o excavation b o t h monococcum and dicoccum were 
found . They f i rs t t ook a somewhat d i f fe ren t migra t ion pa t t e rn , since e inkorn was b e t t e r 
a d a p t e d to highlands and cooler c l imates and dicoccum f o r lowlands and h igh fert i l i ty. T h e y 
s t a r t ed , however, s imultaneously, since they were b o t h available to m a n a t the onset of 
agricul ture as was ba r l ey . I think D r . Mándy is e x t r e m e l y alone in his idea t h a t dicoccum 
evolved from monococcum crossed wi th Ae. speltoides. T o d a y there are even people doubt ing 
Ae. speltoides as r e spons ib l e for genome B. 
Fur ther , he a p p e a r s to be complete ly unaware t h a t he is discussing a genus including 
au togamous forms. T h e y do not build u p efficient species barriers, as t h e y j u s t do not need 
to do so for their p reserva t ion . Thus he denotes vulgare as separate species in spite of the f a c t 
t h a t it crosses readi ly wi th sphaerococcum f rom which i t d i f fers by one single gene s. F u r t h e r 
spelta differs also f r o m vulgare by one gene q. The same is t rue for compactum, hu t here he 
suddenly ignores species borders. D u r i n g the last w h e a t symposium in Canber ra no single 
informat ion was aga ins t my proposal (MAC KEY 1966) b u t many did s u p p o r t exactly t h i s 
del imitat ion. 
He ignores bo tan ica l rules j u s t a l i t t le too freely. T. monococcum is t h e correct name of 
e inkorn , T. turgidum is the correct n a m e for emmer j u s t because Linnaeus happened to n a m e 
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t h e m f i r s t , no other reason . I agree it does n o t m a k e phylogenet ic sense, bu t th is is a n entirely 
d i f f e r e n t th ing . 
Carthlicum is n o t r e l a t ed to georgicum b u t to dicoccum a n d turanicum f r o m a phylo-
gene t i c p o i n t of view, b u t none of these t y p e s show any gene t i c divergence w h i c h should 
s e p a r a t e t h e m in to d i f f e r en t species. His a r g u m e n t here is also astonishing, s ince dicoccum 
m o v e d to t he eas tern a r e a prior to t he d i s t inc t ion of t he Q-fac tor which is f o u n d in both 
carthlicum and vulgare . As these two fo rms a lways are t o g e t h e r , where carthlicum is found. 
i.e. carthlicum is never a lone , I would like t o k n o w how he can p r o v e tha t carthlicum is older 
t h a n vulgare. Cf. my discussion in MAC KEY (1966). I would also l ike to see a proof t h a t carthli-
cum deve loped f rom georgicum (a nomen i l l eg i t imum, should b e palaeocolchicum) and not 
f r o m dicoccum. Palaeocolchicum is connected w i t h macha as is ca r th l i cum with vulgare and the 
two g r o u p s h a v e two d i f f e r e n t uses. The f o r m e r for porridge, t h e l a t t e r for b read . 
D r . M á n d y also g r o u p s the spelt w h e a t s in a very s t r a n g e way. Spelta is o n e species, 
and macha and vavilovi a re sub types u n d e r vulgare which l a t t e r t y p e jus t is d i s t inguished by 
h a v i n g Q in con t ras t to spelta, macha and vavilovi which have q. Th i s jus t shows t h e impossi-
bi l i ty to set species bo rde r s inside T. aestivum L . (Thell). 
I would also like t o h a v e an exp lana t ion why T. dicoccoides makes a s e p a r a t e species 
f r o m T. dicoccum, when monococcum and aegilopoides and thaoudar do not. My impression 
wou ld r a t h e r be opposi te , b u t in no case the domes t i ca t ion p rocess has brought t h e cul t iva ted 
f o r m so f a r f rom the wild one t h a t we can d i scuss a t rue spec ia t ion process. 
J . M A C K E Y 
D e p a r t m e n t of Genet ics and P l a n t Breeding, 
Agr icu l tu ra l College of S w e d e n , 
Uppsala 7 
H A S O N L Y AE. S Q U A R R O S A M O N O P O L Y R O L E I N T H E F O R M A T I O N O F 
H E X A P L O I D W H E A T S ? 
Triticum L. is one of t h e most studied p l a n t s . I t was the o b j e c t of intense inves t iga t ions 
b y b o t a n i s t s , geneticists , p lant -breeders , ey to log is t s and p l a n t growers. Many monographs 
have been devoted to i t , b u t , nevertheless, s t i l l m u c h r ema ins unse t t led . In p a r t i c u l a r , the 
main inves t iga t ions in genus phylogeny and t a x o n o m y need a u t h o r i t a t i v e revis ion. I t should 
he especial ly ment ioned t h a t t h e number of w h e a t species a n d the i r succession a r e so far 
unes tab l i shed . There are no precise criteria f o r de te rmina t ion of specific r ank : o n e and the 
same f o r m is assumed by some to he a good species, by o the rs a subspecies, or n e w variet ies 
are i n t r o d u c e d (convar ie tas) . Some see a species where in f ac t i t does not exist , o r ex i s t s only 
in t he researcher ' s l a b o r a t o r y . I n general, t w o ex t r eme tendenc ies in classif ication of wheat 
are obse rved : r ep re sen ta t ives of one t rend ( w h o may be condi t iona l ly called pa rce l l e r s ) are 
busy w i t h ar t i f ic ial c rea t ion of species w i th in t h e genus, whi le o thers (who m a y be called 
l iqu ida tors ) are occupied w i t h l iquidat ion of species , which are prosper ing , have t h e i r history, 
a n t i q u i t y , geography and a re practical ly we l l -known species. 
W e dea l in our work w i t h the inves t iga t ion by Gv. M á n d y — New concept of t h e origin 
of Triticum aestivum L. 
T h e r e is no d o u b t t h a t the r econs t i t u t i on of a n a t u r a l s y s t e m of any p l a n t (includ-
ing, ce r ta in ly , whea t ) is a t t a inab le , if gene t i c s t ruc tu re of t h e genus and h i s t o r y of its 
evo lu t ion were comprehended . The expe r imen ta l d a t a of our l a b o r a t o r y convince t h a t it is 
possible t o repea t ( reproduce) t he phylogenet ic process of such species as Triticum carthlicum. 
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T. polonicum, T. monococcum, T. timopheevi, T. zhukovsky, T. tiinonovum ( labora tory species) , 
T. durum?, T. aestivum?, T. vavilovi, a l though r e p e t i t i o n in biology is denied b y m a n y 
peop le (V. L. MENABDE. New in p h y l o g e n y of the g e n u s Triticum L . , i n p r in t ) . 
A t present , p r io r i t y of a F r o n t - A s i a n nidus of w h e a t fo rmat ion is wel l -grounded. T h e 
t h e o r y of F ron t -As ian origin of w h e a t has been well a r g u e d by Sovie t t r i t icologis ts a n d is 
now shared by m a n y . Those, who d e v i a t e f rom this t h e o r y deviate f r o m t h e natura l s y s t e m 
of t h e genus Triticum L. and are ca r r i ed away to the r eg ion of specula t ive conjectures . 
In Mándy ' s concep t of the o r ig in of T. aestivum t h e theory of F r o n t - A s i a n origin of t h e 
genus Triticum L . seems to be r e f l e c t e d only pa r t i a l ly . Thus Mándy a t t r i b u t e s T. durum 
T. turgidum, T. polonicum to the r eg ions of Abyssinia, E g y p t and N o r t h e r n Afr ica . At p r e s e n t 
i t is established, t h a t these areas r e p r e s e n t a secondary (bu t not a p r i m a r y ) nidus of t e t r a -
p lo id species f o r m a t i o n . I t is t rue t h a t t he r e was a t i m e , when even V a v i l o v considered t h e s e 
a r e a s as a p r ima ry n idus of species f o r m a t i o n , bu t l a t e r he abandoned h i s erroneous concep t 
a n d accepted only one Front -Asian p r i m a r y nidus of w h e a t fo rmat ion . 
The au thor , a f t e r analysing i n de t a i l the possibil i t ies of the origin of hexaploid spec ies 
is inclined to t h i n k t h a t this process could arise only i n t he region of T ranscaucas i a , w h e r e 
a r eas of wheat a n d aegilops meet . I t is he re also t h a t spon taneous i n t e rgene r i c hybr id iza t ion , 
concre te ly the hyb r id i za t i on be tween t h e species Triticum carthlicum a n d Aegilops squarrosa 
occur red . Hybr id p l a n t s arising f r o m t h e crossings of t hese species, u n d e r w e n t la ter amphiploid i -
z a t i o n and gave a fer t i le poster i ty be longing to hexap lo id wheat species (T. aestivum). T h e 
a u t h o r declares t h a t " t h i s theory is t o - d a y generally ag reed upon, b u t i t is t h e mode of o r ig in 
of T. carthlicum t h a t ha s not been c la r i f i ed as ye t " . A n d a f t e r a little excu r s ion into the h i s t o r y 
of t e t rap lo id species T. carthlicum, T. dicoccum, T. palaeo-colchicum (syn. T. georgicum) M á n d y 
m a k e s a conclusion, t h a t i t seems h i g h l y probable t h a t T. georgicum w a s t he progeni tor fo r 
carthlicum, while t h e progenitor for t h e l a t t e r was an amphiplo id p l a n t , p roduced as a r e s u l t 
of spontaneous cross ing of wild d ip lo ids T. urartu and A. speltoides. 
I n the idea of Mándy , the f o r m a t i o n of main t e t r a p l o i d wheat species , which have t h e 
g r e a t e s t economic impor t ance (T. durum, T. turgidum, T. polonicum) occur red in Abyss in ia , 
E g y p t and N. Af r i ca as a result of m u t a t i o n of T. dicoccum. I t took p l ace 2000—1000 y e a r s 
B. C. (or even l a t e r ) . B u t these c o n c e p t s of Mándy a r e contradic ted b y archeological d a t a . 
T h u s , hard whea t , according to JAKUBZINER (1957, 1962), Avas cu l t iva ted in USSR ( U k r a i n e ) 
as long ago as in t h e 4 th mi l lennium B . C. The an t i qu i t y of the t u r g i d u m w h e a t has also b e e n 
con f i rmed (the 3rd mill . B. C.). 
Fur the r , t h e zone of d i s t r i b u t i o n of the above-ment ioned t e t r a p l o i d species ( w a r m 
c l ima te , height a b o v e sea level a n d absence of Ae. squarrosa), as i t s e ems , prevented t h e i r 
f u r t h e r evolution a n d therefore t h e i n i t i a l species (T. dicoccum) in th is g r o u p of wheats could 
n o t rise above t h e t e t rap lo id level. 
B u t the p r e s e n t day area of T. dicoccum is n o t l imi ted to a w a r m zone. To-day, c rops 
of th i s wheat are s i t ua t ed main ly i n h igh-mounta in reg ions up to t h e u p p e r m o s t l imi t s of 
Avheat cul t ivat ion, so there is no r e a s o n to restrict t h e cul t ivat ion of T. dicoccum to zones of 
Avarm climate. 
Mándy d is t inguishes two t r e n d s of evolution in t h e origin of c u l t i v a t e d wheat : o n e of 
t h e m (in Asia Minor) s topped at t e t r a p l o i d level and p a s s e d f rom T. monococcum to T. dicoc-
cum T. durum, T. turgidum, T. polonicum, while t he o t h e r t rend (Transcaucas ian) o r ig ina t ed 
f r o m T. urartu, o u t of which deve loped T. georgicum, T. carthlicum, T. aestivum. 
In both cases whea t evolut ion is conceived wi th ac t i ve par t i c ipa t ion of Aegilops speltoides 
a n d Ae. squarrosa. 
The f i r s t evo lu t iona l t rend s t o p p e d in its d e v e l o p m e n t a t t e t r a p l o i d level, whereas t h e 
second reached hexap lo id level. Acco rd ing to MÁNDY (1970), bo th t r e n d s developed a u t o n o m -
ous ly and independen t ly . 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
2 1 4 F O R I M 
W e agree ent i re ly wi th t h e concept of h y b r i d i z a t i o n origin ( in c o m b i n a t i o n w i t h p h e n o m -
e n a of a u t o p l o i d y and m u t a t i o n ) no t only of hexap lo id , bu t t e t r a p l o i d whea t species as well, 
s u c h as T. durum, T. turgidum, T. polonicum. 
I n w h e a t evolut ion a g r e a t role be longs also to a u t o p l o i d y a n d to m u t a t i o n . B u t we 
d i f fe r in o u r concep t ion of t h e t r e n d of e v o l u t i o n of the genus Triticum L. 
I n t h e f i r s t place, we r e g a r d two t r e n d s a sce r t a ined by M á n d y , as an ind iv i s ib le process 
p r o c e e d i n g cons i s ten t ly and n o t a u t o n o m o u s l y . Ar t i f i c i a l i ty ( u n r e a l i t y ) of the s cheme is mainly 
in t h e d i s soc ia t ion of these t w o evo lu t ion t r e n d s . I t is t rue , t h a t w e t o o d is t inguish t w o t r ends 
in t h e e v o l u t i o n of whea t , b u t t h e i r con t en t d i f f e r s radically f r o m t h e concept b y M á n d y . 
W e shal l s p e a k la te r abou t t h i s . 
I n t h e whole , M á n d v conce ives the d e v e l o p m e n t of h e x a p l o i d w h e a t spec ies on the 
bas i s of s p o n t a n e o u s in t e rgene r i c h y b r i d i z a t i o n of T. carthlicum a n d Aegilops squarrosa, the i r 
s ter i le h y b r i d p l a n t s becoming fe r t i l e b y w a y of amph ip lo id i za t i on . T h i s concept is c o n f i r m e d 
b y the f a c t , t h a t T. aestivum h a s been o b t a i n e d b y crossing the a b o v e two species (KIHARA— 
LILIENFELD 1949). Against t h e r ea l i t y of t h i s c o n c e p t s tands t h e l i fe-his tory of t h e species 
T. aestivum a n d T. carthlicum. T h e fo rmer is a re la t ively p r i m a r y species, while t h e l a t t e r 
(T. carthlicum) is a r e l a t ive ly y o u n g , s econda ry species, p r o d u c e d as a resul t of m u t a t i o n of 
h a r d w h e a t u n d e r m o u n t a i n - f o r e s t condi t ions . T h i s process of m u t a t i o n a l f o r m a t i o n of T. carth-
licum f r o m c u l t i v a t e d T. durum u n d e r m o u n t a i n condi t ions has b e e n e x p e r i m e n t a l l y ver i f i ed 
a n d t o - d a y w e h a v e a model , acco rd ing to w h i c h t h e process of r e c o n s t r u c t i o n of t h i s species 
is r e i t e r a t e d . M u t a t i o n a l p rocess i n t h e ha rd w h e a t popula t ions a r i ses , ev iden t ly , u n d e r concre te 
c o n d i t i o n s of m o u n t a i n c l ima te ( p r o b a b l y , u n d e r t h e action of e l e v a t e d rad ia t ion) a n d def in-
i te ly in T. durum popu la t ions . A l r e a d y FLAKSBERGER (1935), p u t t i n g forward t h e m o d e of 
f o r m a t i o n of T. carthlicum, r e m a r k e d t h a t , p r o b a b l y " h a r d w h e a t T. durum, a s c e n d i n g in 
T r a n s c a u c a s i a u p the m o u n t a i n s , was d i f f e r e n t i a t e d in the process of evolut ion . . . a n d . . . in 
such a w a y w a s produced a v i c a r i o u s species, w h i c h replaced h a r d whea t in h i g h - m o u n t a i n 
c o n d i t i o n s " ( F L A K S B E R G E R 1 9 3 5 ) . 
F l a k s b e r g e r , with a d m i r a b l e precision a n d in tu i t ion , f o r e s a w t h e process of f o r m a t i o n 
of T. carthlicum, which has b e e n e x p e r i m e n t a l l y b o r n e out b y u s as a result of m u t a t i o n of 
t w o f o r m s of h a r d whea t , T. durum v . apulicum a n d T. durum v . libycum u n d e r m o u n t a i n -
fores t c o n d i t i o n s of cu l t iva t ion a t 1500 — 1700 m above sea-level. U n d e r the same cond i t ions 
of m o u n t a i n c l ima te the a p p e a r a n c e of pecu l i a r w h e a t forms has b e e n es tabl ished in p o p u l a t i o n s 
of ha rd w h e a t t h a t was called b y Vavi lov as "persicoides", i.e. carthlicum like f o r m s of w h e a t . 
W e d id n o t h e a r t h a t an identical process w a s go ing on, e v i d e n t l y , in m o u n t a i n r eg ions of 
Abyss in i a , w h e r e carthlicum l ike f o r m s of h a r d w h e a t were r eco rded . 
V a v i l o v believed, t h a t h a r d whea t (T. durum, T. turgidum) was the m a i n cerea l of 
a g r i c u l t u r a l Med i t e r r anean c iv i l iza t ions , wh ich , sp read ing out l a t e r t o many r eg ions of the 
Old W o r l d , w a s d i f f e r en t i a t ed i n a compl i ca t ed m a n n e r in to subspec ie s . In T r a n s c a u c a s i a 
h a r d w h e a t occupies the s t e p p e p a r t of land c u l t i v a t i o n , its a l t i t u d i n a l border of cu l t i va t i on 
being s i t u a t e d a t abou t 1000 m a b o v e sea-level. A b o v e t h a t line i t is replaced in Georg i a by 
T. carthlicum. T h u s , T. carthlicum is a v icar ious species of ha rd w h e a t , being a s e c o n d a r y one, 
which a rose in t h e " b o w e l s " of h a r d whea t . T h e a n t i q u i t y of the l a t t e r has been c o n f i r m e d by 
a rcheologica l f ind ings . In p a r t i c u l a r , Tr ipol ien c u l t u r e (USSR) d a t i n g back to 3000—1700 
B.C. , k n e w agr icu l tu re , c u l t i v a t e d whea t a n d w a s acqua in ted a l r e a d y wi th h a r d w h e a t . 
A c c o r d i n g to M á n d y . T. carthlicum a r o s e f r o m T. palaeo-colchicum (T. georgicum) 
as. a r e su l t of m u t a t i o n . 
S t r u c t u r a l l y this species is ve ry near t o t h e species of ha rd w h e a t and its morpho log ica l 
d i s t i nc t i on cons is t s of f rag i le s t e m and hul led g r a i n . B u t in e v o l u t i o n T. palaeo-colchicum is 
m o r e a n c i e n t , and phy logene t i ea l ly closer to wi ld w h e a t s (hulled g r a i n , fragile s t e m ) , whereas 
T. durum is a t yp i ca l r e p r e s e n t a t i v e of h ighly c u l t i v a t e d wheat p r o d u c e d t h rough h v b r i d i z a -
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l ion, wi th the part icipation of T. palaco-colchicum. Both species, T. durum and T. carthlicum, 
proceeded f r o m the same phylogenet ic line, a t t h e base of which lies T. durum, Tr. carthlicum 
being its cont inuat ion (See our Phylogeny of Wheats ) . 
According to Mándy's concept , format ion of hexaploid species proceeded polyphyle t i -
eally and th rough hybridizat ion. This principle ough t to be accep ted . Polyphylet ism in the 
origin of sof t wheats was noted by many tr i t icologists (SINSKAYA 1955). According t o o u r data , 
polyphylet ism is characterist ic of other wheat g roups too. Mándy n a m e s two nidi of hexaploid 
species fo rma t ion : 1) T. carthlicum X Ac. squarrosa = T. aestivum, and 2) T. turanicum X Ae. 
squarrosa = T. sphaerococcum and T. spelta iranicum. Both the n id i are situated in t h e Aegilops 
squarrosa h a b i t a t . 
In general , according t o t he author, hexaplo id wheat species could develop on ly in the 
area of Ae. squarrosa. Our l abo ra to ry does not dispose of any d a t a confirming the monopo ly of 
Ae. squarrosa in the fo rmat ion of hexaploid w h e a t species. 
F i rs t of all, it seems to us , t h a t the process of species f o r m a t i o n proceeded o n t h e whole 
under cer ta in influence of p r imi t ive men. At t h e same time, th i s process was carr ied ou t in a 
complex communi ty (coenosis), consisting of a g roup of congenerous cereals Triticum, Aegilops, 
Agropyron and probably, Secale. In such a complex coenosis an intense process of natura l 
hybridizat ion occurred, mos t characterist ic of all cereals ( today a m o n g the cereals over 50% 
of hybrid species have been recorded). 
Process of hybridizat ion engaged all t h e populat ion of t he communi ty , occurr ing within 
the species, between species, as well as between the genera of r e l a t e d cereals. The in t ens i ty of 
this process gradually increased wi th the ex tens ion of the n u m b e r of hybrid p l an t s (our data 
demons t ra te a significant intensif icat ion of na tu ra l hybr id iza t ion among h y b r i d plants). 
In such a complex coenosis introgressive hybr id iza t ion regularly proceeded and t o g e t h e r with 
the process of ploidization, in tensive fo rmat ion of new plants t o o k place. In the h a b i t a t of 
these useful p lants man too l ived, who e n j o y e d the gifts f r o m the surrounding plants. 
His a t t en t ion , naturally enough , was drawn to larger plants w i t h large nourishing gra in . Such 
plants possessing theproper t i e so fwhea t werega the red , selected, s to red and finally domes t ica ted . 
T.carthlicum 
T.aephiopicum 
T. timonovum 
i 
T.durum X T.aestivum 
T.vavilovi 
T. timopheevi 
T.monococcum 
Population 
proto-macha Ti-.hnlHir4 im 
Population 
Sandun 
7Ы4-28-Щ 
Fig. 1. Phy logeny of wheats 
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Therefore, t h e pr imit ive c u l t i v a t o r already d i sposed of a complex coenosis consist ing 
of monoploids, 1 4 - 28—48 ch romosomes , forms of w h e a t and other weeds . H e drew f rom t h i s 
coenosis and i m p r o v e d various w h e a t s . I t appears to u s , t h a t cereal w e a l t h of pr imary l a n d -
c u l t i v a t o r , since o ld days , had a c o m p l e x popu la t ion . I n tha t p o p u l a t i o n the processes of 
n a t u r a l hyb r id i za t ion and in t rogress ion were per iod ica l ly repeated, as well as f o rma t ion 
(d ivergence) of p l a n t s (species) of w h e a t with d i f f e r e n t ploidy with t h e in ter ference of t h e 
m a n - c u l t i v a t o r t o o k place . In such a w a y gradually a r o s e an an th ropogenous , complex po ly -
p lo id popula t ion, condi t ional ly n a m e d T. proto-macha (MENABDE 1948). T h a t was the pr inc ipa l 
p o p u l a t i o n , on t he bases of which t h e process of d ive rgence proceeded u n d e r the i n f l uence 
of e l emen ta ry m o d e s of selection. 
According t o o u r concept, in t h a t populat ion w e r e formed the d ip lo id species T. mono-
coccurn, te t raploid species T. palaeo-colchicum, T. dicoccum, T. durum (T. turgidum), T. carthli-
cum, T. polonicum, a n d hexaploid spec ies T. macha, T. aestivum, T. spelta, T. sphaerococcum. 
Therefore, T. proto-macha r e p r e s e n t s t ha t main t r e e u p o n the rich c r o w n of w hich devel -
o p e d the specific va r i e t i e s of whea t . F r o m tha t t ree , g rowing in the ag r i cu l t u r a l nidus of 
F r o n t Asia, the w o n d e r f u l cereal-wheat migra ted all ove r t h e world. T h a t p rocess was ca r r i ed 
o u t unde r the c o n t r o l of popular se lec t ion . At the s a m e time, the p r o c e s s of divergence 
a lso proceeded. 
Besides t h a t m a i n tree, we h a v e revealed in t h e s y s t e m of whea t a t r e e of lesser size, 
b u t v e r y in te res t ing in its fo rmat ion , wh ich developed a p a r t from the m a i n tree. I t is qu i t e 
poss ib le t ha t by age i t is much y o u n g e r t h a n the main t r e e . At the base of th i s tree lies t h e 
Georg i an popu la t ion " Z a n d u r i " cons i s t i ng of diploid, t e t r ap lo id and h e x a p l o i d plants — T. 
monococcum (2n = 14), T. timopheevi ( 2 n = 28), T. zhukovsky (2n = 42). T. boeoticum (or T. 
urartu) must be cons idered as i ts i n i t i a l link, which b y w a y of p lo id iza t ion , under n a t u r a l 
cond i t ions , p roduced T. chaldicum ( s y n . T. araralicum), and in a g r i c u l t u r e ( through T. 
monococcum AA) au to t e t r ap lo id T. timopheevi (AAAA) and au tohexap lo id T. zhukovsky 
( A A A A A A ) arose. 
Zanduri is o n e of the most a n c i e n t populat ions r e p o r t e d as early as 1773 by well-know n 
n a t u r a l i s t G ü l d e n s t e d t ( M E N A B D E 1 9 4 8 ) . 
Development of all the compojnents of popu la t ion proceeded m o n o t y p i c a l l y owing t o . 
as w e believe, h o m o g e n e i t y of the p o p u l a t i o n content . E v e r y polyploid species (T. timopheevi. 
T. zhukovsky) was a polymerous f o r m of the initial m o n o m e r T. monococcum, which h a s 
in i t s s t ructure one p a i r of AA g e n o m s . T h a t conclusion has been bo rne o u t by us exper i -
m e n t a l l y , by means of muta t iona l r e c o n s t r u c t i o n of po lyp lo id T. timopheevi, T. zhukovsky. a n d 
T. timonovum f r o m t h e diploid species T. monococcum (a component of Z a n d u r i popula t ion) . 
I t a p p e a r s to us, t h a t p roduc t ion of po lyp lo id by means of induced m u t a t i o n is a convincing 
m o d e l i l lustrating t h e processes of n a t u r a l polyploidy. 
Under n a t u r a l condit ions the e v o l u t i o n of au top lo id branch s topped a t te traploid level 
(T . chaldicum, alias T. araraticum, 2n = 28, AA AA), wh i l e under cu l t i va t ion (in agricul ture) 
i t a t t a i n e d hexaploid level (T. zhukovsky, 2n = 42 A A A A A A ) . Under l a b o r a t o r y condit ions, 
b y m e a n s of induced mu ta t i on of T. timopheevi (2n == 28, AAAA) an oc top lo id (2n = 56 
A A A A A A A A ) — T. timonovum was o b t a i n e d (HESLOT 1959). In c o m p a r i n g the rates ( t he 
i n t e n s i t y ) of evo lu t ion , i t may be r e m a r k e d , tha t in n a t u r a l conditions t h e i n t ens i t y of evolu-
t ion is relatively r e t a r d e d , while in ag r i cu l t u r e it is i n c r e a s e d . 
Thus , polyploid iza t ion of Z a n d u r i is somewhat s imi l a r to tha t of proto-macha, polyploid 
spec ies of these p o p u l a t i o n s being, h o w e v e r , sharply d i f f e r e n t in geno types . T h a t difference 
m a y be accounted fo r b y different t r e n d s in wheat e v o l u t i o n . I t has been a l r e a d y told, t h a t 
e v o l u t i o n of the f i r s t ( and main) t r u n k (proto-macha p o p u l a t i o n ) proceeded through in tense 
a l lop lo idy , s t r u c t u r a l l y enriched w i t h he red i t a ry s u b s t a n c e s of many g e n e r a of Triticeae. 
On t h e whole, the g e n o m structure of t h i s t runk is a p o l y type one, of c o m p l e x hyb r id i t y . 
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whereas t h e s t r u c t u r e of t he second t runk ( Z a n d u r i populat ion) is m o n o t y p e , cons i s t ing of a 
unique , t h o u g h polymer genome. B u t in spite of m o n o t y p e character of t he members of Z a n d u r i 
popula t ion , i t s autoploid species (T. timopheevi, T . zhukovsky) a re s h a r p l y different f r o m the 
initial d ip lo id species (T. monococcum) of t he i r popula t ion . In t h e concep t of Mi in tz ing " . . . 
in a u t o t e t r a p l o i d s a sharply p ronounced ba r r i e r of incompat ibi l i ty ex i s t s between t h e ini t ial 
diploid f o r m s and the new l ines w i t h doubled ch romosome n u m b e r s " (MÜNTZING 1951) . 
E v i d e n t l y , the doubl ing of genome ( ch romosome set) is no t o n l y a q u a n t i t a t i v e p r o c e s s 
but a q u a l i t a t i v e one too, as q u a n t i t a t i v e changes in genome br ing a b o u t new qual i t ies . These 
qua l i t a t ive changes lead, in p a r t i c u l a r , to s exua l isolation of a u t o t e t r a p l o i d species f r o m the 
init ial d iploid one . Appa ren t ly , t h e sexual i so la t ion of autoploids is biologically a d v a n t a g e o u s , 
as i t ensures t h e existence of severa l sympa th ie species in the same popu la t ion . 
E x p e r i m e n t a l polyploidy def in i te ly c leared u p a number of p rob l ems in the evo lu t ion 
of some species in the genus Triticum. Thus, t o t h e present day we h a v e succeeded in recon-
s t ruc t ing t h e exper imenta l m o d e l s of Zandur p o p u l a t i o n , of its po lyp lo id species T. timopheevi 
(2n = 28), T . zhukovsky (2n = 42) and T. timonova (2n = 56). 
We were enabled to c o m p r e h e n d the w a y s of muta t ional f o r m a t i o n of T. carthlicum, 
after the e x a m p l e of which, a p p a r e n t l y , proceeded t h e formation of A b y s s i n i a n wheats t o o . The 
hybr id iza t ion w a y (T. durum XT. aestivum) of f o r m a t i o n of T. polonicum has been r evea led , 
and it seems t h a t the fo rmat ion of T. turanicum fo l lowed the same p a t h . I n our l a b o r a t o r y the 
corresponding models of r e p r o d u c t i o n of the above-ment ioned spec ies have been p r a c t i c a l l y 
subs t an t i a t ed . There exists a n ou t l ine of the m o d e l s for such species as T. aesticum, T . durum. 
T. macha. 
The avai lable l i tera ture a n d fac tua l m a t e r i a l obtained af ter m a n y years of e x p e r i m e n t a l 
research, p e r m i t to represent t h e genealogy of t h e genus Triticum b y a two- t runk t r e e h a v i n g 
unequa l deve lopmen t . The f i r s t , t h e more p o w e r f u l t runk, a rose as a result of in tense 
introgression a n d amphiplo idy endowing h u m a n beings wi th t h e principal spec ies of 
cul t ivated w h e a t . As a resul t of repea ted in t rogress ion , mainly of t h e genera Triticum and 
Aegilops, as well as of in ter ference b y the h u m a n consumer and c u l t i v a t o r of cereals, a n a n t h r o -
pogen po lygenome populat ion a rose , which we h a v e named, condi t iona l ly , as T. proto-machu. 
In t h e course of h u m a n select ion act ivi t ies a n d of human m i g r a t i o n populat ion T. proto-
macha, consis t ing of d i - , t e t ra - , a n d hexaploid species , was d i f f e ren t i a t ed in to separate species , 
geographical r aces and popu la t ions . 
The f o r m a t i o n of the second t runk o c c u r r e d through au topolyplo id iza t ion of diploid 
wheat — T. boeoticum, or T. urartu. Under n a t u r a l conditions, the a u t o p l o i d process r eached 
te t raploid level (T. chaldicum, 2n = 28, A A A A ) only , while in ag r i cu l tu re it a t t a i n e d the 
hexaploid level , beginning w i t h t h e diploid T. monococcum (2n = 14, A A) through t e t r a p l o i d 
(T. timopheevi, 2n = 28, AAAA) a n d ending in t h e hexaploid one (T. zhukovsky, 2 n = 4 2 , 
AAAAAA). 
The au top lo id process in cul t iva t ion p r o c e e d e d in the p o p u l a t i o n of Georgian whea t 
Zandur i i ndependen t ly f rom t h e popu la t ion of T. proto-macha. Po lyp lo id line of Zandur i s t a n d s 
qui te a p a r t f r o m ploid species of proto-macha popu la t ion . P h y l o g e n e t i c difference a m o n g 
polyploid ( t e t r ap lo id , hexaploid) species is ve ry p ronounced , while i t is absent among diploid 
species (T. boeoticum, T. urartu, T. monococcum), h a v i n g only one g e n o m AA with c h r o m o s o m e 
set 2n = 14 in the i r s t ruc tu re . 
T h u s t h e genetic h ia tus be tween the species of these two t r u n k s begins a t t h e i r t e t r a -
ploid b r a n c h e s . 
On t h e basis of the e x p e r i m e n t a l da t a , o b t a i n e d in our l a b o r a t o r y , we propose a new 
scheme of p h y l o g e n y for the g e n u s Triticum L. essent ia l ly differing f r o m Mándy's s c h e m e . 
The p roposed scheme does n o t , of course, c la im to be comple te , b u t we believe, t h a t it 
f a i th fu l ly dep ic t s the historical w a y of evolut ion of cult ivated w h e a t s . 
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According t o Mándy 's c lass i f ica t ion , there are o n l y 10 species in t h e genus, others b e i n g 
b r o u g h t down t o t h e category of conva r i e t a s . Mándy is very sparing in t h e s ta tement of t h e 
principles of his classification, t h a t is w h y the review of t h e list of t a x a a r o u s e s some confus ion . 
T h u s , on wha t g r o u n d the au tho r r a n k s T. timopheevi a s a species, wh i l e bringing d o w n i t s 
wild analogue, T. chaldicum to c o n v a r i e t i e s ? I t is to be supposed , t h a t T. chaldicum (T. ararali-
cum), as a wild species, is not y o u n g e r , than the c u l t i v a t e d species (T. timopheevi). h e n c e 
t h e rank of species should he k e p t f o r i t as a s t r u c t u r a l element of n a t u r a l flora. T rans f e r of 
s u c h good species as T. macha, T. durum, T. carthlicum, T. vulgare, T. sphaerecoccum, T. poloni-
cum, each charac te r ized by a c o m p l e x of morphologica l , eco-geographical , cvtological a n d 
economic p rope r t i e s to the c a t e g o r y of convarieties, is also u n j u s t i f i e d . We have a spec ia l 
object ion to the inclusion of T. macha i n t o the composi t ion of T. aestivum. According to V a v i l o v ' s 
expression, m a c h a is a semi-wild w h e a t preserving pronounced c h a r a c t e r s of wild w h e a t , 
therefore, as one of the basic species of initial cu l tu re , i t is eligible fo r t h e rank of a species . 
Consequent ly , the concept p r o p o s e d by Gy. M á n d y is too a r t i f i c ia l a n d does not r e f l e c t 
t h e real history of genus fo rma t ion , i n part icular of i t s hexaploid species (Table 1). 
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H O W D I D W H E A T O R I G I N A T E ? 
Origin, spread and domes t i ca t ion of w h e a t are questions d e a l t wi th all over t h e world 
( S C H I E M A N N 1 9 4 7 , 1 9 5 1 , K I H A R A 1 9 5 8 , K I H A R A et al. 1 9 5 9 , K U C K U C K 1 9 5 9 , C H I N G - J A N G Y Ü 
1 9 6 1 , Z O H A R Y 1 9 6 3 , K I M B E R - R I L E Y 1 9 6 3 , L E L L E Y 1 9 6 3 , A N D R E W S 1 9 6 4 , MAC K E Y 1 9 6 3 , 
Y A M A S H I T A 1 9 6 4 , H A L L O R A N 1 9 6 8 , R U D O R F 1 9 6 8 , ZOHARY - et al. 1 9 6 9 , M Á N D Y 1 9 7 0 ) . A c c o r d i n g 
to the ev idence of recent excava t i ons the wild T. monococcum a rose in Asia Minor b e f o r e the 
neolithic pe r iod (OPPENHEIMEK 1963). Apar t f r o m the earlier desc r ibed T. boeoticum Boiss. , 
T. urartu, t h e mos t pr imit ive f o r m of wheat was described by T u m a n o v in 1937; i t is a t the 
same t ime t h e progenitor of t h e te t raplo id T. georgicum (ZHUKOVSKY 1957). This f a c t h ints 
at the idea t h a t in addit ion to t he above -men t ioned progenitors t h e r e might have b e e n a no 
longer ex i s t ing species which represented the v e r y f i r s t step in t h e deve lopmenta l process 
of wheat . 
MÁNDY'S (1970) suggest ion enriches t h e exis t ing theories a b o u t the origin of whea t 
w ith new ideas . In his opinion t h e hexaploid T. vulgare originated f r o m the crossing a n d amph i -
ploid m u t a t i o n of the te t rap lo id T. carthlicum xAe. squarrosa. T. carthlicum is, in t u r n , a more 
product ive m u t a t i o n of the p r imi t i ve T. georgicum. According to M á n d y T. dicoccum cannot 
he considered as the progeni tor of hexaploid w h e a t s , since its p lace of origin did no t coincide 
with the a rea of Ae. squarrosa a n d so could not e n t e r into hybr id iza t ion wi th it. His a r g u m e n t s 
seem to be reasonab le ; he exp la ins t h a t T. dicoccum spread s o u t h w a r d and westward f r o m its 
place of or ig in , and it is highly improbable t h a t in t he 7000 years B . C., i t would h a v e spread 
f rom Asia Minor to Trans-Caucasus , in a d i r ec t ion opposite to t h e g r ea t migra t ion. Archeo-
logical e x c a v a t i o n s so fa r s u p p o r t Mándy ' s t h e o r y , since — while T . dicoccum and T. aestivum 
were found in a reas of Tu rkey — T. spelta was n o t f o u n d there. T. spelta appeared 2 — 3 thous -
and years l a t e r and originated f r o m nei ther T. dicoccum nor T. dicoccoides. T h a t is w h y M á n d y 
thinks t h a t t h e hexaploid w h e a t species may h a v e developed in m o r e t h a n one ways . 
Accord ing to our p re sen t knowledge M á n d y ' s description of t h e origin of T. aestivum 
is correct , a n d he easily po in t s o u t FLAKSBERGER'S (1935) error (c i t . MÁNDY 1970). H i s expla-
nat ion on t h e possible way of deve lopmen t a n d sp r ead of T. carthlicum is logical a n d clever . 
Mándy descr ibes the origin of T. durum a f t e r ORLOV (1923) and VAVILOV (1926) (c i t . MÁNDY 
1970) as fo l lows: " X . durum deve loped , on the o t h e r hand , in N o r t h Af r i ca — not ea r l i e r t han 
in the Bronze A g e " . Indeed, T. durum is qui te a y o u n g species, t h o u g h its place of or ig in is 
not N o r t h A f r i c a , bu t Anato l ia as p roved by K u c k u c k in 1964. I t is sure , however, t h a t the 
oldest r e m a i n s of T. durum we re f o u n d in E g y p t , so the recent d u r u m of Asia Minor does not 
prove i ts or ig in f r o m there. So t h e quest ion c o n t i n u e s to give rise t o m u c h con t roversy . 
T. dicoccoides has been f o u n d to have i t s g rea tes t va r iab i l i ty t o d a y in i ts s econda ry 
places of d i s t r i bu t ion : Syr ia , Nor th -Pa l e s t i ne a n d Jo rdan (YAMASHITA—TANAKA 1961, 
YAMASHITA 1964) and not in i t s cen t r e of or igin: As ia Minor. T. dicoccoides was f irs t d iscovered 
by Kot schy i n 1855, then aga in b y Aaronson i n 1906 in the n o r t h e r n p a r t of Syria, in a cleft 
a t the edge of t h e mounta in H e r m o n . This m o u n t a i n range was v i s i t ed again in 1964 by a 
Japanese e x p e d i t i o n which f o u n d t h a t X. dicoccoides is a wide s p r e a d species in t h a t region 
even today . Accord ing to T ä c k h o l m , director of t h e Agricultural m u s e u m of Cairo (YAMASHITA 
1964) the o ldes t X. dicoccum g ra ins found in t h e p y r a m i d s are 6500—7000 years o l d ; these 
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f a c t s support M á n d y ' s theory because T. spelta was n o t found in these excava t ions , only m u c h 
l a t e r in the B r o n z e Age and then o n l y in Europe. O n t h e other hand , t h i s does not m e a n t h a t 
T. spelta is of E u r o p e a n origin; acco rd ing to M á n d y ' s t h e o r y it m igh t h a v e originated in t h e 
n o r t h e r n regions of t he Caucasus a n d then migra ted wes tward t h r o u g h t h e Ukraine as f a r as 
t o Switzerland. M á n d y thinks T. georgicum, T. carthlicum or T. turanicum to be the i m m e d i a t e 
progeni tor of T. spelta, and not T. dicoccoides and T. dicoccum which — in his opinion — h a v e 
r ema ined as t e t r a p l o i d species a n d h a s not a t ta ined h i g h e r ploidy levels. H i s theory and c o n -
clusions are r ea sonab le , but the cor rec tness of his s t a t e m e n t s will supposed ly he conf i rmed b y 
suff ic ient ly e x p l o r e d excavat ions in Central Asia, n e w expedit ions a n d - perhaps — by-
exper imenta l gene t i c s . KUCKUCK (1959) found T. spelta to be widely spread in I r an w h i c h 
jus t i f i ed an archeological research work started in t h o s e areas. The p r e s e n t excavat ions a re 
n o t sufficient y e t t o prove t h a t T. spelta appeared a t t h e same time as c o m m o n wheat . R e c e n t 
archeological r e s e a r c h will cer ta in ly p rov ide new d a t a o n th is species h a v i n g possibly o r ig ina ted 
i n t h a t region. 
As to t h e deve lopment of t e t r a p l o i d wheats M á n d y accepts in h i s paper the Aegi lops 
spel toides- theory, a l though the o r ig in of the В g e n o m e is ques t ionable even in these d a y s 
(SEARS 1968). W e on ly know t h a t В В genomes of t h e t e t rap lo id e m m e r a re not identical w i t h 
t h e AA genomes of T. monococcum. T h u s , the t e t r a p l o i d wheat is no t autopolyploid . F i r s t Ae . 
bicornis , then Agropyron triticeum w e r e suspected; r e c e n t l y — af ter t he exper iments of КШАНА 
( 1 9 4 4 ) , S A R K A R — S T E B B I N S ( 1 9 5 6 ) , S E A R S ( 1 9 5 9 ) a n d R I E E Y — C H A P M A N ( 1 9 5 8 ) — В В g e n o m e s 
a r e thought to o r ig ina t e from Ae. speltoides. In the gene centre of T. monococcum, YAMASHITA 
(1964) found 16 species in addi t ion t o t h e earlier k n o w n Aegilopses, which all might have crossed 
w i t h the T. aegilopoides and thus t a k e n pa r t in the d e v e l o p m e n t of f i r s t te t raplo id , then h e x a -
p lo id forms. Most of t h e Aegilops spec ies can he f o u n d in Jo rdan , L e b a n o n , Syria, Turkey a n d 
Greece. Ae. bicornis and Ae. ventricosa have been f o u n d only in E g y p t . An almost c e r t a i n 
clar if icat ion of t h e origin of the В g e n o m e can be e x p e c t e d in the nea r f u t u r e , since a n u m b e r 
of research workers all over ihe wor ld a re pursuing, a t p r e s e n t , af ter the source of the В g e n o m e . 
A m o n g H u n g a r i a n research w o r k e r s BF.LEA'S genet ica l and cytological experiments a r e of 
impor tance in t h i s f ie ld (1965, 1968). 
As to P r o f . M á n d y ' s theory a n d logical t rend of t hough t s , there a r e some recent c o n t r a -
d ic to ry results. Accord ing to ANDREWS (1964) T. spelta was found in I r a n as early as in 4000 
В. C. I t s wild f o r m m a y have o r ig ina t ed from the cross ing of T. dicoccoides X Ae. squarrosa. 
I t s development is t h o u g h t to h a v e t a k e n place in t h e south-western p a r t of Asia, as i t is o n e 
of t h e native p l aces of T. dicoccoides a n d Ae. squarrosa (South A r m e n i a , Nor th -Eas t T u r k e y , 
Wes t - I r an , Syria a n d Nor th Pa l e s t i ne ) . The other case , namely t h a t T. dicoccum was one of 
t he parents of T. spelta can also b e supposed. In t h a t case i t arose, in all probabi l i ty , in t h e 
course of cu l t i va t ion . I t can be s u p p o s e d , however, t h a t Ae. squarrosa really appeared h e r e 
sporadical ly only l a t e r , and had b e e n found originally ea s twa rd f rom t h e Caspian Sea. I t is a n 
o p e n question w h i c h can be dec ided pr imari ly by t h e excavat ions . 
I t is a l r e a d y known t h a t Y a v i l o v ' s law of d o m i n a n t genes be ing the most f r e q u e n t 
in t he gene» c e n t r e and recessive genes prevailing w h e n moving off — is not always t r u e . 
According to KUCKUCK'S (1964) inves t iga t ions thegene cen t reo f t e t rap lo id whea t s is in A n a t o l i a . 
P a p e r s b y K I H A R A ( 1 9 4 4 ) , M C F A D D E N — S E A R S ( 1 9 4 4 ) o n e x p e r i m e n t a l e v o l u t i o n d o 
n o t support M á n d y ' s theory. I t w a s in 1944 tha t K i h a r a f i r s t suggested t h e logically poss ib le 
or igin of T. spelta, t h e n Mc FADDEN—SEARS (1944) c o n f i r m e d Kihara ' s t h e o r y . They p r o d u c e d 
T. spelta by c ross ing T. dicoccoides w i t h Ae. squarrosa. In 1949 K i h a r a similarly o b t a i n e d 
T. spelta by c ross ing T. dicoccum a n d Ae. squarrosa. Artif icial ly r e syn the t i zed amph ip lo ids 
p roved to be morphologica l ly , cytologica l ly and gene t ica l ly ident ical w i t h the na tura l s p e l t a 
w h e a t . With t h e i r work KIHARA (1944) , then MCFADDEN—SEARS (1944, 1946) exper imen ta l ly 
p roved the genet ic origin of T. spelta. Genetical e x p e r i m e n t s have n o t conf i rmed so f a r t h e 
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s u p p o s i t i o n of T. carthlicum b e i n g t h e poss ib le p r o g e n i t o r of T. spelta e i ther . W h i l e t h e earlier 
m e n t i o n e d t e t r a p l o i d w h e a t s , w h e n crossed w i t h Ae. squarrosa, r e s u l t in T. spelta-type hexa-
ploid w h e a t s , f r o m T. carthlicum X Ae. squarrosa h y b r i d s T. aestivum-type w h e a t s can be 
p r o d u c e d ( T S U N E W A K I 1 9 6 8 ) . 
A c c o r d i n g to MÁNDY (1970) t he p a r a l l e l wi ld re la t ive of T. dicoccoides f a r e a s t w a r d is 
T. georgicum, a n d in his o p i n i o n i t is f r o m l a t t e r t h a t the spelta w h e a t of t h a t r e g ion d e v e l o p e d . 
A l l spelta w h e a t s a r e h e x a p l o i d s w i t h 42 ch romosomes . I n t h i s series no w i l d species 
can be f o u n d . Asia Minor is s u p p o s e d to b e t h e p l a c e of origin of spelta whea t s . Triticum aesti-
vum s sp . aestivo compactum — t h e p r o g e n i t o r of t h e series — h a s a l r eady b e e n f o u n d near 
h u m a n s e t t l e m e n t s of t h e S t o n e Age. In t h e n e o l i t h i c per iod t h i s w a s t he wides t s p r e a d hexa-
ploid w h e a t in Cent ra l E u r o p e . As no wild spec i e s can be f o u n d in t h e h e x a p l o i d l ine it is 
p r o b a b l e t h a t m e m b e r s of t h e species were i n t r o d u c e d to c u l t i v a t i o n as soon as t h e y arose. 
I t is b e y o n d d o u b t too , t h a t t h e e x t r a o r d i n a r y va r i ab i l i ty of t h i s species was p r o m o t e d by 
h u m a n i n t e r v e n t i o n . 
H o w e v e r , t he origin of t h e В g e n o m e , a s well as t he o r i g in a n d spread of T. spelta are 
q u e s t i o n s t o h e d e c i d e d o n t h e b a s i s o f r e c e n t s u g g e s t i o n s b y M Á N D Y ( 1 9 7 0 ) , Z O H Â R Y et al. 
( 1 9 6 9 ) , K I H A R A ( 1 9 4 4 ) , K U C K U C K ( 1 9 5 9 , 1 9 6 4 ) a n d M C F A D D E N — S E A R S ( 1 9 4 6 ) . T h e J a p a n e s e 
e x p e d i t i o n (YAMASHITA 1964) r evea l ed t h a t t h e a r e a of T. dicoccoides a n d T. dicoccum co inc ided 
w i th t h e w e s t e r n and s o u t h - w e s t e r n zones of t h e Ae. squarrosa d i s t r i b u t i o n . KUCKUCK (1959. 
1964), o n t h e o t h e r h a n d , f o u n d T. spelta o n a l a r g e area in W e s t e r n I r an , a n d T. dicoccum 
on a s o m e w h a t smaller a r e a . Or ig in of t he T. spelta and g e n o m e В can be f ina l ly d e t e r m i n e d 
only if t h e a b o v e resul t s a r e con f i rmed b y f u r t h e r exped i t i ons , archeological e x a m i n a t i o n s 
and g e n e t i c a l a n d c y t o g e n e t i c a l evolu t ion e x p e r i m e n t s . 
Á. K i s s 
A g r i c u l t u r a l R e s e a r c h I n s t i t u t e of the 
D a n u b e — T i s z a M i d - R e g i o n , 
Kecskemé t 
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DID T. S P H A E R O C O C C U M O R I G I N A T E T H R O U G H H Y B R I D I Z A T I O N ? 
I find t h a t t h e au thor has p r o p o s e d several i n t e r e s t i ng ideas. He has also emphasized 
t h e need for s t u d y i n g in greater d e t a i l the role of T. georgicum in t he ances to ry of w h e a t . 
S i n c e he has not p r o v i d e d any e x p e r i m e n t a l evidence in suppor t of his v iews , I am not ab le 
t o o f f e r any cri t ical c o m m e n t . H o w e v e r , some of the i d e a s which he has m e n t i o n e d in page 4 of 
t h e manuscr ip t s u c h a s t he mode of o r i g i n of 7'. sphaerococcum are not t e n a b l e since it has now-
b e e n well es tabl ished t h a t this subspec ies would easily a r i se by a m u t a t i o n f r o m T. aestivum. 
I recommend t h e publication of th i s manuscr ip t on ly because i t will s t imulate s o m e 
o t h e r s to do more expe r imen ta l work o n th is very i m p o r t a n t problem. 
M . S . S W A M I N A T H A N 
I n d i a n Agricul tural Resea rch I n s t i t u t e , 
New D e l h i 12 
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A R E F I N E S T R U C T U R A L A N D C Y T O C H E M I C A L S T U D I E S H E L P F U L 
I N T H E STUDY O F W H E A T E V O L U T I O N ? 
T h e approach app l i ed by Professor George Mándy to c lar i fy some in te res t ing points 
re la ted t o t he origin of Triticum ssp is we lcomed. Although d u r i n g t he f i rs t half of t h i s century , 
the e v a l u a t i o n of genome analy t ica l d a t a has produced very va luab l e concepts, i t is now the 
general belief t ha t a rev i s ion is necessary s ince u l t r a s t ruc tu ra l s tud ie s have yielded an entirely 
new a s p e c t concerning t h e conjugat ion of homologous chromosomes . I t is hoped t h a t the old 
and r a t h e r myst ic c o n c e p t which simply assumed an a t t r a c t i o n between homologs will be 
rep laced by the discovery of the synap t in ima l complex wi th t h e clarification of i t s func t ion . 
These discoveries clearly ind ica te tha t a h ighly specialized organel le is involved in synapsis. 
T h u s , f i n e s t ruc tura l s t ud i e s seem to open u p a new outlook which may resul t in t he entire 
^ v a l u a t i o n of da ta collected by such excel lent schools as Sax , K i h a r a , Sears, M c F a d d e n , etc. 
I n the light of t h e s e fac t s , we believe t h a t other qu i te i m p o r t a n t approaches were not 
ful ly exp lo i t ed . A full a n d f ina l solution concerning the origin of cul t ivated p l a n t s canno t he 
expec t ed unt i l all an thropologica l , phy togeograph ica l , and e v e n pa laeobotanica l possibilities 
have been explored. Since D r . Mándy tr ies t o eva lua te such d a t a a n d to const ruct a new scheme 
based oil bibliographical d a t a and on his own evaluat ion, we bel ieve tha t th is a p p r o a c h has 
some s t r o n g points a n d va luab le meri ts . Ex t ens ive excava t ions , phy togeographica l studies 
and a i i thropoeent r ica l a spec t s in these f i n d i n g s should be emphas i zed , as Dr. M á n d y does it, 
un t i l f i n e s t ruc tura l a n d cytochemical s tud ie s th row more l ight on the forces ope ra t ing at 
the molecu la r level wh ich a t t r a c t and c o n j u g a t e chromosomes. I t is to be expec ted t h a t the 
assembly of a highly special ized element or e lements bui ld ing u p the synap t in ima l complex 
m u s t be genetically con t ro l l ed and t h a t t h e mode of control should also be c lar i f ied . 
T h u s , the r a the r mys t i ca l exp lana t ion of chromosomal a t t r a c t i o n which was expressed 
over 40 yea rs ago by P r o f e s s o r Zoltán Szabó " a s microscopical love-making" will be scientifi-
cally i n t e rp re t ed . H o w e v e r , we believe t h a t no complete p i c tu re will result w i t h o u t t h e clarifi-
cat ion of geographical d i s t r i bu t ion of the involved species, t h e i r role in prehis tor ic t ime , and 
the i r in ter re la t ions w i t h such an th ropocen t r i c aspects as h u m a n behavior . T h u s , we full-
h e a r t e d l y welcome Dr . M á n d y ' s approach ut i l iz ing such d a t a . 
L . O L A H 
Southern Illinois Univers i ty 
Botany D e p a r t m e n t 
Carbondale, I l l inois 62901 
U.S .A. 
T. C A R T H L I C U M — D I R E C T P R O G E N I T O R O F V U L G A R E ? 
I agree with P r o f . M á n d y that ssp. spelta is older t h a n ssp. vulgare. On t h e basis of my 
own expe r imen t s and r e s u l t s I found it v e r y probable t h a t ssp. vulgare o r ig inated f rom ssp. 
spelta t h r o u g h a series of mic romuta t ions , or t h r o u g h a dup l ica t ion at locus q in ch romosome 9. 
The evo lu t ion of ssp. vulgare could have t a k e n place in b o t h t h e ways ment ioned above , which 
m e a n s t h a t this subspecies is not of a monophyle t i c origin. These suggestions are fu r the r 
exp la ined in two of m y publ ica t ions (KUCKUCK 1964a, b). 
The re is no q u e s t i o n of T. carthlicum (persicum) being a d i rec t progenitor of ssp. vulgare. 
I t s or igin , like tha t of durum and turgidum, is still not clear, b u t one th ing is c e r t a in , t h a t it is 
of r e c e n t origin. I can n o t agree with P r o f . M á n d y ' s suggest ion, t h a t ssp. carthlicum h a s arisen 
f r o m ssp . georgicum. Carthlicum p robab ly or ig inated front a cross between vulgare and dicoc-
cum, o r , according to F laksbe rge r , be tween durum and vulgare. 
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In this connec t ion I would also l ike to refer to t h e f a c t , t ha t the l iyhr id of T. carthlicum 
a n d Ae. squarrosa is b a r r e l type , so ssp . vulgare canno t o r i g i n a t e th rough amphidip lo id iza t ion 
o f t h i s c r o s s ( K I H A R A — L I L I E N F E L D 1 9 4 8 ) . 
I am of t he op in ion , t ha t turanicum (orientale) is n o t a progenitor of T. sphaerococcum. 
a n d I support P e r c i v a l ' s suggestion t h a t turanicum is a h y b r i d of T. polonicum and T. durum. 
I n t h e experience of b o t h Dorofejev a n d myself, turanicum appears only sporadical ly . Th i s 
v a r i e t y is very sens i t ive to powdery mi ldew and b l igh t , in complete c o n t r a s t t o carthlicum ; 
so carthlicum has n o t ar isen f rom turanicum e i ther . 
T. georgicum is n o t different phylogene t ica l ly f r o m T. dicoccum. I t is on ly a compact -
e a r e d var ian t of dicoccum which occurs i n a mixed s t a n d w i t h T. macha, whose pheno type i t 
r e sembles . 
On the basis of m y own crossing- and muta t ion -expe r imen t s , t h e suggestion t h a t 
T. macha and spelta a r e two i n d e p e n d e n t subspecies is n o t t enab le today . 
I would like t o call Prof. M á n d y ' s a t t en t ion t o t h e papers of DOROFEJEV (1969a, b ) 
a n d ANDREWS ( 1 9 6 4 ) . 
H . K U C K U C K 
Ins t i tu te of Appl ied Genetics, 
H a n o v e r 
R E F E R E N C E S 
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KUCKUCK, IL (1969a) : Exper imente l le U n t e r s u c h u n g e n zur E n t s t e h u n g de r Kul tu rweizen I . 
Die Variat ion des iranischen Spelzweizens und seine genetischen Bez iehungen zu Triti-
cum aestivum s sp . vulgare (Vill., H o s t ) Mac K e y , ssp. speltu (L.) Thel l . u n d ssp. macha 
(Dek. et Men. ) Mac Key mit e i n e m Bei t rag zur Genet ic des Spe l t a -Komplexes . Zeit-
schrift f ü r P f l a n z e n z ü c h t u n g , 51, 97 - 1 4 0 . 
KUCKUCK, II. (1969b) : T h e impor tance of induced m u t a t i o n s in wild and p r i m i t i v e types of 
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H A S A R C H E O L O G Y A N Y R O L E I N T H E S T U D Y O F W H E A T - E V O L U T I O N ? 
The main p o i n t of Professor G y ö r g y Mándy ' s work is i ts t racing h a c k t he cul t ivated 
w h e a t varieties in t w o l ines (lines of T . boeoticum and T. urartu). This t h e o r y is suppor ted by 
e t h n o g r a p h i c researches and archeological f indings too , t h o u g h they do n o t lay as a great 
s t r e s s on this point as Professor Mándy does . I t might he u s e f u l if he considered H . Helbaeck 's 
r e s e a r c h work. I call his a t ten t ion , f u r t h e r , to the s t u d y of Csi tá ja wr i t ten on t he Caucasian 
a g r i c u l t u r e and the a n c i e n t Caucasian w h e a t varieties a n d published in t h e y e a r b o o k of our 
I n s t i t u t e (Műveltség és H a g y o m á n y , I — I I ) . Since in essent ia ls I agree w i t h Professor Gy. 
M á n d y ' s opinion, I cons ide r any f u r t h e r c o m m e n t s as super f luous . 
B . G U N D A 
Kossuth L a j o s University-
Depart m e n t of Ethnology-
Debrecen 
Acta Agrnnomica Academiae Scientiarum Hungaricae 20. 1917 
F O R U M 2 2 5 
I S W H E A T O F B I P H Y L E T I C O R I G I N ? 
A new, valuable s t u d y b y the eminen t e x p e r t of whea t w a s published in t h e A c t a Agro-
nomica X I X / 3 — 4 , in w h i c h — on the bas i s of his own and o t h e r s ' relevant r e su l t s — the 
au tho r t h r e w a new l ight u p o n t he origin a n d t a x o n o m y of t h e genus Tri t icum. 
T h e origin and t a x o n o m y of wheat h a d earlier been d e a l t wi th by LELLEY—MÁNDY 
( 1 9 6 3 ) , L E L L E Y — R A J H Á T H Y ( 1 9 5 5 ) , K i s s ( 1 9 6 6 ) , M Á N D Y — M E S C H — K I S S ( 1 9 6 6 ) e t c . t o m e n t i o n 
b u t a f e w o f t h e H u n g a r i a n a u t h o r s — a n d b y M C F A D D E N — S E A R S ( 1 9 4 6 ) , K I H A R A ( 1 9 4 9 ) , 
FLAKSBERGER (1935), MANSFELD (1951) e t c . among the fo re ign authors . Since t h e problem 
par t ly fal ls within my s p h e r e of interest [ the f i r s t t e x t - b o o k on genetics w a s wr i t t en in 
H u n g a r y b y me as early as i n 1935: "Beveze t é s az ö r ö k l é s t a n b a " ( In t roduc t ion t o gene t i c s ) -
GREGUSS 1935], 1 u n d e r t o o k giving my op in ion about t he p a p e r on the r e q u e s t of the 
edi tor ial of f ice . 
I n m y general op in ion t h e paper was w r i t t e n on the basis of a wide and t h o r o u g h know-
ledge of t h e subjec t a n d t h e r e l evan t l i t e r a tu re , and data and a r g u m e n t s p resen ted in it agree 
with t he p re sen t views of sc ience. I t is only t o o na tu ra l since t h e a u t h o r had a l r eady published 
several va luab l e papers o n t h i s subject , e.g. compiled a t a x o n o m i c key for the de t e rmina t i on 
of w h e a t s , gave brief morpho log ica l descr ip t ions of about 72 w h e a t varieties in a n o t h e r paper 
of some l e n g t h , etc. This t i m e the au thor t r i e d to clarify t h e or igin of the g e n u s Triticum, 
f i r s t of all , w i t h a view to b r i n g views on t h e origin and t a x o n o m y of wheat species to order. 
(I t h i n k t h e au thor should h a v e indicated t h e sub jec t at least i n a short i n t roduc t i on . ) 
As t o i ts size the p a p e r seems to be a l i t t l e shor t , since — in our opinion — t h i s impor-
t an t s u b j e c t is worth be ing discussed in m o r e deta i l , especially where d is t r ibu t ion and over-
lapping of t h e individual species are dealt w i t h and where a n u m b e r of sketches would have 
suppor t ed t h e au thor ' s r e a s o n i n g to an even grea te r ex ten t . As an expert of w h e a t varieties 
he should h a v e i l lus t ra ted t h e different morphologica l cha rac te r s , a t least in the m o s t critical 
cases, in o rde r to make i t e v e n more obvious t h a t certain v a r i e t i e s — in spite of t h e i r identical 
number of chromosome — d i f f e r in certain morphological a n d physiological c h a r a c t e r s . This 
would h a v e explained i t b e t t e r why he r e n a m e d certain so f a r i n d e p e n d e n t species as variet ies 
(e.g. T. durum, T. turgidum, T. polonicum, e tc . ) . These r e m a r k s a r e not , however, i n t ended to 
reduce t h e impor tance of t h e pape r which is considered, as a who le , to be of sc i en t i f i c value. 
I n t h e discussion t h e a u t h o r gives a convinc ing evidence t o t he idea t h a t t h e origin of 
whea t is n o t " m o n o p h y l e t i c " as was general ly t h o u g h t so f a r . I n agreement w i t h t h e opinion 
of o the r w h e a t geneticists t h e au thor po in t s o u t t h a t the d e v e l o p m e n t of the p r e s e n t wheat 
species s t a r t e d a t least in t w o lines. To p r o v e th i s theory he t a k e s the d i s t r ibu t ion , areas of 
over lapp ing of the i nd iv idua l species and t h e chronological o r d e r of their or igin (which he 
t races b a c k to some 10,000 yea r s ) into cons idera t ion apar t f r o m the palaeontological da ta . 
He sugges t s t h a t Triticum boeoticum — occu r r i ng in Asia Minor even today — is one of the 
initial species of the " b i p h y l e t i c " deve lopmen t . This species e x t e n d e d toward n o r t h and was 
t r ans fo rmed — possibly t h r o u g h muta t ion — in to Triticum monococcum, with a chromosome 
number of 2n = 14: i t is — in the opinion of t he author a n d o t h e r s — one of t h e ancient 
homozygous (AA) diploid f o r m s . This f o r m crossed with Aegilops speltoides a n d produced 
the two gra ined wheat : Triticum dicoccum, a t e t r ap lo id form (2n = 28). I t s f u r t h e r progenies 
would be t h e later t e t r a p l o i d forms: T. durum, T. turgidum. T. polonicum, T. abyssinicum. 
etc. The a u t h o r considers all of t h e m as va r ie t i es — though t e t r a p l o i d s , whereas o t h e r s consider 
them as independen t spec ies ; i t is not c lear w h a t are the physio logica l and morpholog ica l 
charac te rs on the basis of w h i c h the author qua l i f i e s them as v a r i e t i e s . He has, h o w e v e r , a very 
i m p o r t a n t observat ion, n a m e l y , t ha t these t e t r a p l o i d forms d i d n o t develop i n t o hexaploids 
as t he o t h e r line did, b u t r e m a i n e d in a t e t r a p l o i d stage up to t h e present day. Aegilops squar-
rosa r equ i red for their f u r t h e r deve lopment — was missing. 
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The other line s t a r t e d from the Trans -Caucas ian reg ion . In the course of the discussion 
t h e a u t h o r renders i t p robab le tha t t h e original form w a s T. urarlu f r o m w h i c h developed 
w i t h the p a r t i c i p a t i o n of Aegilops speltoides the t e t r a p l o i d T. georgicum. T. carthlicum 
o r i g i n a t e d , 011 the o t h e r h a n d , from T. georgicum and not f r o m T. dicoccum. T h e f ina l develop-
m e n t of hexaploid w h e a t s T. spelta. T. aestivum ssp. vulgare — s tar ted a l so in the Trans -
C a u c a s i a n region w h e r e Aegilops squarrosa. indispensable fo r the d e v e l o p m e n t of hexaploid 
w h e a t s , occurs. T h u s T. georgicum could n o t meet T. dicoccum species g r o w i n g in Asia Minor 
in t h e neolithic age. T h e s e hexaploid w h e a t varieties c o n t a i n 42 chromosomes a n d their origin 
is p r o v e d by ar t i f ic ial crossing too. I t w a s in this way t h a t T. spelta was p r o d u c e d by crossing 
T. dicoccoides wi th Aegilops squarrosa. I n 1949 KIHARA ga ined T. spelta s im i l a r l y by crossing 
T. dicoccum and Ae. squarrosa. Art i f ic ia l ly produced a m p h i p l o i d s proved to b e morphological lv 
cy to logica l ly and gene t ica l ly identical w i t h the na tura l spe l t . Some authors suppose , however, 
t h a t t h e present T. aestivum species cou ld have or iginated f r o m T. spelta a n d T. antiquorum 
c r o s s e d . This is the w i d e s t spread w h e a t of today. H o w e v e r , the author ' s r e l e v a n t reasoning 
is convinc ing , so his t h e o r y of a " b i p h y l e t i c " deve lopment can be accepted. 
The author d iscusses the conf l ic t ing opinions as well . T o prove his s t a t e m e n t he gives a 
t a b l e showing the t w o lines of d e v e l o p m e n t ; here he i l l u s t r a t e s the possible re la t ions th rough 
w h i c h . and the his tor ical eras when the i n d i v i d u a l wheat species developed. So t h e table informs 
us of T. spelta having or ig inated in 500 — 2000 B. C. with t h e intervention of Aegilops squarrosa. 
a n d T. turgidum and T. pulonicum be ing evolved only a r o u n d 1000 A. D. 
Another v a l u a b l e p a r t of the p a p e r is the t a x o n o m y of wheat var ie t ies compiled by t he 
a u t h o r mainly on t h e bas i s of inves t iga t ions made by F l aksbe rge r , Lelley, R a j h á t h y , Mansfeld 
a n d himself . In his t a x o n o m y in a g r e e m e n t with the a b o v e authors — t h e r e are three t ypes 
of w h e a t species: I . Monococca, (F laksb . ) (2n 14), I I . Dicoccoidea (F l aksb . ) (2n 28) and 
I I I . Speltoidea (F l aksb . ) (2n 42). 
The indiv idual species and va r i e t i e s are found wi th in these types. I n h i s t axonomy the 
Monococca sub-order consis ts of 2 spec ies and 3 convar ie t i es ; in the Dicoccoidea there are 4 
spec ies and 12 conva r i e t i e s and in the Speltoidea 4 species a n d 8 convarieties; t h a t is, 10 species 
a n d 23 varieties a l t o g e t h e r . 
As to the 3 m a i n types in a u t h o r ' s t axonomy, 1 cons ider F laksberger ' s system be t t e r , 
s ince it determines t he individual g roups un i fo rmly on the bas is of their c h r o m o s o m e numbers , 
n a m e l y : 1. Diploidea (n 7), 2. Tetraploidea (n 14) a n d 3. Hexaploidea (n 21); while 
in t h e author ' s p r e s e n t sys tem the f i r s t t w o groups (Monococca and Dicoccoidea) are set u p 
a c c o r d i n g to the n u m b e r of grains, t he t h i r d (Speltoidea), o n the other h a n d , d i f fers f rom the 
o t h e r two by grains h a v i n g awns. 
Finally, the a u t h o r establishes t h a t wheat species h a d at least t w o places of or igin: 
Asia Minor and Trans -Caucas ia . The Asia Minor line a t t a i n e d - through t h e diploid T. mono-
coccum the t e t r a p l o i d level in 7'. dicoccum; T. turgidum, T. polonicum a n d T. durum a re 
s u p p o s e d to be its progenies . 
This line did n o t reach the h e x a p l o i d level. The in i t i a l species of the o t h e r the Trans -
C a u c a s i a n line was p r o b a b l y T. urnrtu; species tha t can be t r aced back to i t a r e the te t raplo id 
T. georgicum. t hen T. carthlicum and f i n a l l y — th rough Aegilops squarrosa T. aestivocom-
pactum, which n a m e according to t h e au thor only in t ends to show t h a t evolution of 
t h e c o m m o n wheat b e g a n with the a n c i e n t full-eared f o r m a n d the present f o r m of T. aestivum 
ssp . vulgare developed only later. T h e a u t h o r points o u t , f ina l ly , t ha t t h e hexaploid whea t s 
a r e . in fact , the r e su l t s of human c u l t u r e , and this is t he v e r y line that g a t h e r e d a world-wide 
e c o n o m i c impor tance . 
My opinion a b o u t the above p a p e r can be s u m m e d u p by the fo l lowing : it has been 
w r i t t e n with re levan t a n d reliable s c i en t i f i c data and o t h e r authors ' r esu l t s h a v e been t aken 
i n t o considerat ion, i t s conclusions are accep tab le and a t the same t ime it has brought 
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order in the origin and t a x o n o m y of w h e a t species. I t would be desirable if t h e a u t h o r made 
s imilar order in other agr icu l tura l ly i m p o r t a n t p lant g r o u p s t oo . I t requires e n o r m o u s work, 
c i rcumspec t ion , ob jec t ive a n d l i terary knowledge , hut the p r o s p e c t i v e result w o u l d compensate 
for all t h e effor ts . 
As to the references I only wish t o n o t e t h a t the a u t h o r should have m e n t i o n e d works 
of severa l notable H u n g a r i a n authors , i nc lud ing more of h i s w o r k s too, to s h o w the readers 
t ha t he has been c a r r y i n g o n scientific work in this line f o r several decades. I consider the 
p a p e r to be of high sc ien t i f ic value and r e c o m m e n d it to be pub l i shed in its f u l l e x t e n t . 
P . G B E G U S S 
József A t t i l a Universi ty 
D e p a r t m e n t of Botany 
Szeged 
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A R E T H E R E O T H E R P O S S I B I L I T I E S FOR T H E O R I G I N OF T . S P E L T A 
O R T . AESTIVUM? 
1 have read dr . Gy . Mándy ' s new suggestions c o n c e r n i n g the origin of the common 
whea t wi th great i n t e re s t a n d wish to m a k e some remarks o n ce r t a in parts of t h e paper . 
As to the origin of t he subspecies spelta [ssp. spelta (L . ) Thel l . , by some a u t h o r s Triticum 
spelta L.] the author wr i t e s t he following: " I t is a quest ion w h i c h wheat species was the pro-
geni tor of spelta. T. dicoccum or vulgare i tself could not pos s ib ly be. A t e t r a p l o i d Caucasian 
whea t species. T. carthlicum or perhaps T. turanicum may b e supposed to h a v e been the pro-
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gen i to r , b u t one of t h e Nor th-Caucas ian f o r m s of T. georgicum might h a v e b e e n as well." 
E x p e r i m e n t s carried o u t b y MCFADDEN— SEARS (1946) a n d KIHARA (1949) w e r e a great help 
in d e t e c t i n g the origin of t h e subspecies spelta ; they ob ta ined spelta by crossing T. dicoccoides 
and T . dicoccum r e spec t ive ly with Aegilops squarrosa and amphiploidiz ing t h e h y b r i d s . These 
p l a n t s were morphologica l ly , cytologically a n d genetically i d e n t i c a l with the subspec ies spelta. 
Some a u t h o r s (SCHIEMAN 1946, GÖGKÖI. 1939 etc.) consider Asia Minor to b e t h e pr imary 
gene c e n t r e of the t w o species; from t h e r e t h e y may have sp r ead southward ( t o Egvp t and 
A b y s s y n i a ) and n o r t h w a r d (to the n o r t h e r n side of llie Caucasus ) with the g r e a t migrat ion. 
T h i s does not — of course — exc lude a different poss ib le origin of spelta. Spelta found 
in I r a n a n d described b y K u c k u c k in 1959 d i d not supposedly originate in t h e s a m e way and 
a t t h e s a m e place as t h e subspecies spelta s p r e a d f rom the n o r t h e r n slope of t he Caucasus to the 
Alps d i d , and it was n o t t h r o u g h migra t ion f r o m the west t o t h e east tha t it a p p e a r e d in I ran . 
T h e a u t h o r too th inks t h e Iranian spelta t o have or ig inated f rom T. turanicum X Aegilops 
squarrosa, th rough an amphip lo id m u t a t i o n . 
I n a phylogenet ic re la t ion the q u e s t i o n of speltoid is ra ised too. In t h e course of his 
m u t a t i o n exper iments SWAMINATHAN (1963) obtained speltoid p lan ts f rom vulgare. More or 
less f r e q u e n t l y — d e p e n d i n g on the w e a t h e r — we also obse rved — like o t h e r s (LELLEY 
RAJHÁTH.Y 1955) — spe l to id types in f i e ld - a n d exper imenta l p lo t s of vulgare w h i c h , though 
somew h a t different f r o m the subspecies spelta (less closed g lumes and s o m e w h a t less fragile 
r ach i s , lower degree of fe r t i l i ty and v i t a l i t y ) , may have p l a y e d a role in the d e v e l o p m e n t of 
spelta. Accordingly, t h i s subspecies is s u p p o s e d l y not of " m o n o p h y l e t i c " origin b u t , like other 
h e x a p l o i d wheat species, mentioned by t h e a u t h o r deve loped in more t h a n o n e way. 
As to the evo lu t ion of vulgare t h e a u t h o r thinks t h a t on ly one of t h e t h r e e possible 
m o d e s of origin suggested b y SEARS (1959) is probable, n a m e l y t h a t "vulgare o r ig ina ted f rom 
the cross ing and a m p h i p l o i d muta t ion , of T . carthlicum X Ae. squarrosa". I n m y opinion 
t h e subspecies vulgare t o o might have d e v e l o p e d in more t h a n one way . N a m e l y , in our 
e x p e r i m e n t s in the F 2 genera t ion of spelta x T . carthlicum, besides sterile p l a n t s of square-
head a n d compactoid ea r -charac te r , c o n s t a n t ruigore-type p l a n t s segregated as well , which in 
every respect (morphological ly , genet ica l ly and cytological ly) were equal to vulgare and 
p r o d u c e d fertile h y b r i d s w i t h it. 
Since according t o the general o p i n i o n spelta o r ig ina ted later than vulgare, the other 
m e n t i o n e d way of or ig in migh t have e n r i c h e d the range of f o r m s in the subspec ies vulgare 
a l r e a d y existing a t t h a t t i m e . Perhaps it is j u s t to its n o n - " m o n o p h y l e t i c " or ig in that the 
e x t r a o r d i n a r y a d a p t a b i l i t y and range of f o r m s of vulgare a re d u e — apart f r o m t h e D-genome 
of Ae. squarrosa and a conscious human a c t i v i t y . 
T h e author ' s sugges t ion on the o r i g i n of T. carthlicum is reasonable. H e th inks tha t 
" t h e progeni tor of T. carthlicum should be f o u n d in its p resen t a rea . I t is o b v i o u s t h a t it must 
h a v e been a similarly t e t r a p l o i d species, t h e more pr imi t ive charac ter T. georgicum Dekapr . 
(= 'Г. palaecolchicum Men . ) , f rom which T. carthlicum deve loped by muta t ion ( t h e grains drop 
out of t h e ear le ts" . Never the less , no conv inc ing evidence of e i t h e r this or the a u t h o r ' s suggestion 
of sphaerococcum, amplissifolium and t h e I r a n i a n spelta subspecies originating f r o m T. turani-
cum is available. 
SWAMINATHAN (1963) obtained sphaerococcoid and vavilovoid m u t a n t s in addit ion lo 
speltoid t ypes with X - r a y and e thy l -me thane- su lphona te t r e a t m e n t s . Howeve r , on the basis 
of e x p e r i m e n t a l r e s u l t s o b t a i n e d b y BARABÁS (1959) a n d SCARACCIA et al. ( 1 9 6 1 ) , lie does n o t 
exc lude the possibility of t h e subspecies vavilovi being an amph ip lo id p rogeny of a vavilovoid 
m u t a n t (originated f r o m T. carthlicum) xAe. squarrosa. 
M á n d y men t ions t h a t i t is not k n o w n whether " T . urartu originated f r o m T. boeoticum 
t h r o u g h a parallel m u t a t i o n (the same w a y as T. monococcum developed), o r ano the r wild 
monococcum was i ts p r o g e n i t o r " . I t is p r o b a b l e , however, t h a t i t developed f r o m an earlier 
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wild monococcum rather t h a n f r o m T. boeoticum. So, it is possible t h a t this very species was 
the progeni tor of T. boeoticum since — according to ZHUKOVSKY (1957) it has a considerably 
more pr imi t ive habit . 
Al though the origin of i t is vulgare which is discussed in t h e paper, I should like to 
mention the role of T. ispahanicum Heslot in the evolutionary s y s t e m of wheat. According to 
our exper imenta l results as well, this species is most closely r e l a t ed to T. polonicum (KIHARA 
et al. 1956), while its relat ion to T. durum and T. dicoccum is m u c h less close. Th i s fac t also 
proves t h a t f rom T. dicoccum T. durum, t hen f rom the latter T. polonicum and f ina l ly T. ispa-
hanicum developed by m u t a t i o n . 
Mándy ' s reasonable explana t ion of the origin of vulgare — though lacking in experi-
mental d a t a — has given answer to many quest ions thus p r o m o t i n g our knowledge acquired 
so far concerning the origin of the common whea t . 
To be successful in our breeding work we must by all m e a n s know the p a s t of wheat 
which explains the wide range of i ts forms and i ts high adap tab i l i t y . There is no d o u b t that 
the modern methods of breeding and genetics developed th rough a many-sided and thorough 
s tudy on n a t u r a l evolution m a y promote the efficiency of our b reed ing work. 
A . B E L E A 
Agricul tural Research Ins t i tu te of 
the H u n g a r i a n Academy of Sciences, 
Martonvásár 
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CHRONICA 
R O B E R T B A L L E N E G G E R 
1882—1969 
I t was on November 13, 1969, at t he age of 87 tha t R o b e r t Ballenegger Kossuth-pr ize 
winner professor of soil science and agrochemis t ry died. He was one of the m o s t impor t an t 
and m o s t progressive soil scientists in t he f i r s t half of the c e n t u r y , active a lmost to the last 
days , w h o even over 80 took p a r t in s t u d y t r ips and soil surveys a n d impar t ed his knowledge 
and skill to the following genera t ion . 
R o b e r t Ballenegger was born on 11th November 1882 a t Temesvár . His f a t h e r was a 
Swiss l anguage teacher se t t led in H u n g a r y . His mother was G e r m a n , his f a t h e r Trench , so 
he spoke perfect H u n g a r i a n , F rench and G e r m a n front his ear l ies t childhood. As a s tudent 
he l e a rned English, La t in a n d I ta l ian l anguages , then , af ter g r a d u a t i n g , Russian l anguage too. 
H e gradua ted in 1904 a t the Univers i ty of Budapes t as a t e a c h e r of chemis t ry andphys ic s 
a n d soon obtained a doc to r ' s degree of c h e m i s t r y too. Between 1904 and 1910 he worked as a 
chemis t , and owing to his extens ive knowledge of languages he excelled in mak ing t rans la t ions 
especial ly f rom H u n g a r i a n to various fore ign languages a l r e a d y at the beg inn ing of his 
sc ient i f ic career. 
I n 1910 he was inv i t ed to work a t t he agrogeological d e p a r t m e n t of t he i n s t i t u t e of 
Geology in order to m a k e t he chemical r e sea rch work of the sect ion more e f f i c ien t . Another 
a im was to utilize Bal lenegger ' s language knowledge . The f i r s t wor ld conference on agrógeology 
(soil science) was held in 1909 in B u d a p e s t a n d i ts proceedings h a d to he issued in various 
l anguages ; f u r the r , r e la t ions m a d e wi th the mos t i m p o r t a n t coun t r i e s of t ha t t i m e h a d to he 
nursed b y opening correspondence wi th t h e m . Ballenegger was t h e bes t - f i t ted for performing 
th is d i f f u c u l t task beside leading the chemica l section. I n s u m m e r he general ly m a d e soil 
s u r v e y i n g in various p a r t s of the count ry while in winter he processed par t ly his own research 
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m a t e r i a l , part ly t h e d a t a of his co -worke r s . He h a d , however , a t h i rd i m p o r t a n t task too, 
n a m e l y , being respons ib le for the f o r e i g n relations he o f t e n visited t he count r ies of E u r o p e 
a n d m a d e a s tudy t o u r even ill the U n i t e d States. 
In 1919 Bal lenegger sided w i t h t he Hunga r i an Soviet Repub l i c , therefore he was 
d i smis sed later f r o m t h e Ins t i tu te of Geology. As he h a d been t each ing soil science a t the 
H o r t i c u l t u r a l School since 1918, he a p p l i e d for and was given a post t he r e as the teacher of 
soil science and c h e m i s t r y . 
Besides r esea rch work Bal lenegger ' s most i m p o r t a n t objec t in life was to teach b o t h in 
w r i t i n g and speaking. Although he w a s low-voiced, a m a n of few words a n d never a g r ea t 
s p e a k e r , Ballenegger w a s a real t e a c h e r . The small n u m b e r of s tuden t s t h a t u p to the second 
w o r l d war always r e m a i n e d below 100 excellently su i ted his facul t ies . Never theless , owing 
t o h i s previous pol i t ica l a t t i tude he w a s n o t given an of f ic ia l teacher ' s commiss ion , and a l though 
t h i s scope of ac t iv i ty w as t ha t of a t e a c h e r , his title be tween 1922 and 1930 was "hor t i cu l tu ra l 
i n s p e c t o r " . Besides, t h e then director of t h e school whose in ten t ion was to t r a i n the s tuden t s 
t o b e brigade leaders , foremen, e tc . f i t t e d to occupy subord ina te pos t s in large estates or 
o f f i c e s was against Bal lenegger and t h e o t h e r scientifically qualif ied progress ive minded teachers 
w h o wan ted to raise t h e educat ional l e v e l of the school. 
In 1930 M á t y á s Mohácsy who h a d j u s t re turned f r o m his s tudy t o u r m a d e in the Un i t ed 
S t a t e s became the d i r ec to r of the schoo l . During his long journeys a b r o a d Mohácsy learned 
t h a t a quant i ta t ive a n d qual i ta t ive i m p r o v e m e n t can be a t t a ined in h o r t i c u l t u r a l p roduc t ion 
o n l y t h rough scient i f ic research work , so lie found a g rea t helper in Bal lenegger . The scient i f ic 
l eve l of the H o r t i c u l t u r a l School rose r a p i d l y . Ballenegger was provided w i t h a well equ ipped 
d e p a r t m e n t and good co-workers. I t w a s a highly p r o d u c t i v e phase of his l ife. F rom 1940 o n , 
a f t e r he had re t i r ed , he published h i s profound knowledge and rich experiences in m a n y 
s c i e n t i f i c and popu la r papers . 
After World W a r I I Ballenegger w a s invited t o be the professor of soil science a t 
t h e newly es tabl ished Universi ty of Agr icu l tura l Sciences. A new per iod opened before the 
63-year -o ld professor. T h e d e p a r t m e n t of soil science ceased to exist at the Technica l Universi ty 
a n d i ts equipment w a s given over t o Ballenegger. A l t h o u g h af ter t he des t ruc t ion of war , 
r e s e a r c h work s t a r t ed b u t slowly on a c c o u n t of the l imi ted number of i n s t r u m e n t s , chemicals, 
pe r iod ica l s and room available, Ba l l enegger carried o u t enormous work in t he course of f o u r 
y e a r s , till 1949. T h e n t h e number of s t u d e n t s suddenly a m o u n t e d to more t h a n 200 per course, 
Ba l lenegger ' s weak voice could not f i l l t h e room any more , so, at the age of 67 he finally re t i red . 
For several m o r e years he de l ive red lectures on soil science a t the E ö t v ö s Loránd Uni-
v e r s i t y as a pr ivate d o c e n t . As the e x p e r t adviser of t h e Research I n s t i t u t e for Soil Science 
a n d Agrochemistry of t h e Hungar i an A c a d e m y of Sciences lie worked ti l l t h e end of his life. 
H e publ ished m a n y b o o k s and p a p e r s , became the p re s iden t of the Soc ie ty of Soil Science, 
a n d also president of t h e Committee of Soil Science, Sub -commi t t ee of Pedo logy and Methodo-
log ica l Committee of t h e Hungar ian A c a d e m y of Sciences. I n 1957 he was a w a r d e d the Kossuth-
p r i z e and in 1965 t h e Univers i ty of H o r t i c u l t u r e conferred a honorary doc to r s degree on h i m . 
A t t h e age of 73 he organized the Congress on Soil Science of the H u n g a r i a n Academy of 
Sc iences , and when 74 h e was the l eade r of the Hungar ian delegation a t t h e Wor ld Congress on 
Soil Science in Par i s . A s one of the l e a d e r s , guiders and cri t ics of soil r e s ea r ch he performed a 
u s e f u l activity u p t o his death. 
Ballenegger's sc ient i f ic career developed at t he I n s t i t u t e of Geology. By means of 
h y d r o c h l o r i c e x t r a c t i o n of soils in 1912— 13 he threw l ight u p o n the m a t e r i a l movemen t t ak ing 
p l a c e i n the various gene t i c soil types . I n 1913 he classified t h e Hunga r i an soil t ypes . In 1914—15 
h e m a d e invest igat ions in to the phys i ca l propert ies of p l a n t nu t r i en t reserves in the soil t ypes ; 
in 1917 published t w o p a p e r s on the c h e m i c a l composit ion of the H u n g a r i a n soil types. At t h a t 
t i m e h e dealt with o r c h a r d p lan ta t ion in t h e Hungar ian Grea t Plain f r o m t h e point of view of 
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soil research a n d wi th decay o c c u r r i n g under t h e moors . The resu l t s of these inves t iga t ions 
were published in f i ve foreign a n d seven H u n g a r i a n pape r s . His exce l len t work on soil science 
" T e r m ő f ö l d ü n k " edi ted in 1921 copes with mos t r e q u i r e m e n t s even t o d a y . 
He ca r r i ed on soil su rvey ing f r o m 1910 f i r s t i n county Békés, t h e n in other p a r t s of the 
Great H u n g a r i a n P la in ; then successively in coun t i e s B a r a n y a and Somogy and main ly a r o u n d 
the Lake B a l a t o n . During Wor ld W a r I he w o r k e d in T r a n s y l v a n i a and the S o u t h e r n 
Carpathian M o u n t a i n s , in 1918 i n t he Tokay v ine -g rowing dis t r ic t , t h e n in the Grea t H u n -
garian Plain. H i s regional research work was p u b l i s h e d in 22 scientif ic papers . 
In 1922 h e began to t e a c h a t the H o r t i c u l t u r a l School w h i c h a t t h a t t ime w a s sma l l 
and poorly e q u i p p e d . At the b e g i n n i n g Ballenegger h a d little possibi l i ty to carry o u t r e sea r ch 
work. In the v e r y f i r s t year he w r o t e his book " B e v e z e t é s a növények é l e t v e g y t a n á b a " ( I n t r o -
duction to t he b iochemis t ry of p l a n t s ) w hich served as a text-book for 22 years and h a d seve ra l 
subsequent e d i t i o n s . Owing to a l ack of labora tor ies he decided to p lace t he results of r e s e a r c h 
carried ou t i n soil science and agrochemis t ry a t t h e disposal of H u n g a r i a n agr icu l tu ra l and 
hor t icul tura l p r o d u c e r s . He s t a r t e d an extensive l i t e r a r y act ivi ty a n d published 37 p a p e r s in 
t h a t period, in wh ich he po in ted o u t t h a t a g r i c u l t u r a l and ho r t i cu l t u r a l p roduc t ion c a n n o t 
be improved b y m e r e experiences descending f r o m f a t h e r to son. H e p resen ted the e x p e r i m e n t s 
t h a t provided p l a n t product ion w i t h a new basis o n one hand, a n d showed how yie lds could 
be increased a n d qualities i m p r o v e d in H u n g a r y b y means of ag rochemis t ry , on t h e o t h e r . 
He dealt m u c h w i t h the agrochemica l problems of o r n a m e n t a l p l a n t p roduc t ion as well . 
In 1930 h e s ta r ted r e sea rch work in his we l l equipped d e p a r t m e n t on the soil r equ i r e -
ments , root d e v e l o p m e n t , wa t e r a n d nut r ien t s u p p l y of f ru i t t rees. His excellent works- o f t e n 
excited the i n t e r n a t i o n a l in te res t . I n his basic r e s e a r c h he inves t iga ted the nu t r i en t r equ i re -
ment of the soil , t h e artificial soil mix tu res of p o t t e d p lan ts , the e f f ec t of salty g round w a t e r s 
in the Great P l a i n , soil physics, chemica l composi t ion of Hungar ian apples , changes of n u t r i e n t 
content in t h e soil , the ash c o m p o n e n t s of peach , t h e soil condit ions of t he T ihany p e n i n s u l a , 
the ag rochemis t ry of f ru i t t ree fer t i l iza t ion , h u m u s a n d many o t h e r minor problems. A t the 
same time he con t inued to p u b l i s h the most i m p o r t a n t results of r e sea rch work ca r r i ed ou t 
abroad. So f r o m 1930 to his r e t i r e m e n t 71, and a f t e r his r e t i r emen t f u r t h e r 25 p a p e r s were 
published b y h i m . 
Bal lenegger was a real sc ien t i s t of soil sc ience a n d agrochemis t ry who gave g r e a t assis-
tance to a s p i r a n t s , young resea rchers and the p r e s e n t leaders of soil research and e d u c a t i o n . 
He taught a sc ien t i f i c historical v iew, right e v a l u a t i o n of research w o r k carried o u t all over 
t he world, a n d appl ica t ion of e x a c t methods in a n y problems of soil science. Soil r e sea rche r s 
of today see t h e i r g rea t teacher In Ballenegger. 
Z . F E K E T E 
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RECENSION LS 
Some methodological achievements of the Hun-
garian hybrid maize breeding. A k a d é m i a i 
K i a d ó , Budapes t , 1970. 385 pages, 152 tab les , 
24 d iagrams , 14 p h o t o s . 
T h e book gives a p i c t u r e of the m e t h o d o -
logical researches of H u n g a r i a n maize bree-
de r s ; i t contains 33 p a p e r s divided i n t o 7 
m a i n pa r t s . 
I n t he f irs t p a r t , which deals w i t h the 
bas ic materials of b r e e d i n g , J ánossy is the 
f i r s t t o present t h e local variety col lect ing 
a n d mainta in ing w o r k carried ou t b y the 
N a t i o n a l Agrohotan ica l Ins t i tu te a t Táp ió -
szele. Hungar ian loca l varieties c o n t a i n a 
h igh ly valuable bas i c mater ia l ; e.g. yields 
of t h e most p r o d u c t i v e var ie ty in t h e ear ly 
(200) group exceed t h e average yield of the 
m e d i u m late (600) g r o u p . The paper inc ludes 
an eva lua t ion of l ines originating f r o m the 
local varieties. K o v á c s discusses in de ta i l 
t he problems arisen in connection w i t h the 
choice and eva lua t ion of basic m a t e r i a l for 
b reed ing . He uses as models 60 p l a n t s of a 
H u n g a r i a n improved va r i e ty , most v a l u a b l e 
f r o m the point of v i e w of s tar t ing l ines to 
p o i n t out the se lec t ion possibilities b y dis-
cuss ing the yield e l e m e n t s in detai l , l ink ing 
u p in this way wi th t h e f i f t h pa r t of t h e hook 
w h e r e yield e lements a r e discussed. 
T h e second p a r t , wh ich deals w i t h the 
d e v e l o p m e n t of i n b r e d lines, begins w i t h a 
s t u d y wri t ten b y B á l i n t on degene ra t ion 
concomi t an t of i nb reed ing , po in t ing ou t 
exper imenta l ly t h a t inbreed ing involves also 
an increase in the r a t e of undesired m u t a t i o n s . 
K o v á c s ' s paper on t h e development of new 
l ines lays stress in i t s me thod on t h e p e r se 
e v a l u a t i o n of y o u n g l ines by s t u d y i n g the 
y ie ld components of l ines. In his inves t iga -
tions G y u l a v á r i aims a t u s i n g the mouoploid 
method t o obtain exce l len t lines f r o m a 
va luable basic material m o r e quickly. F o r 
this p u r p o s e he p roduced a reliable e a r l y 
f lower ing m a r k e r line a n d e labora ted for t h e 
breeding pract ice the u s e f u l methodics of 
selecting monoploids. H e also p e r f o r m e d 
e x p e r i m e n t s to increase t h e ra te of m o n o -
ploids. 
The s u b j e c t of the th i rd p a r t is the eva lua -
tion of i n b r e d lines. In t h e f i r s t paper Gyu la -
vári e v a l u a t e s early t e s t i n g and S tad le r ' s 
gamete selection me thod emphasizing t h e 
aspect of prac t ica l b reed ing . He points o u t 
the v a l u e of early t e s t i n g , as cha rac te r s 
ob ta ined in the S, gene ra t i on were r ead i ly 
t r a n s m i t t e d considering t h e average of t h e 
progeny . No doubt , t h e r e were essent ia l 
value d i f fe rences render ing the deve lopment 
of sub l ines necessary in t h e progeny as well , 
but se lec t ion , made possible by early t e s t -
ing. p e r m i t s breaking d o w n of valuable l ines 
into sub l i ne s . The m e t h o d of gamete selec-
tion h a s n o t yielded va luab le results , however , 
the e x p e r i m e n t was not l a id on such wide 
bases as pe rmi t t i ng to d r a w general conclu-
sions conce rn ing gamete select ion. The p a p e r 
w r i t t e n b y Csetneki and Gyu lavá r i t e s t i f i e s 
the i m p o r t a n c e of selecting tes ters , discussing 
in de t a i l t h e test-crossing d a t a of 26 and 15 
lines w i t h two and th ree single-cross t e s t e r s , 
r espec t ive ly . Wi th earl iness and tendency t o 
grow s u c k e r s considered in addi t ion to t h e 
yield, e ssen t ia l differences are found in t h e 
special combining ab i l i ty , therefore l ines 
cannot be discarded o n t h e basis of b a d 
resul ts o b t a i n e d with a s ingle tester . W h e n 
e x a m i n i n g t he special combin ing abili ty of 
lines K o v á c s uses line t e s t e r s in his s t u d y , 
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and s t a r t s exper imen t s n o t only with these 
single-crosses t h u s ob t a ined , b u t also w i t h 
double-crosses obta ined w i t h these single-
crosses as seed pa ren t s and one tester single-
cross as pol len pa r en t . The a d v a n t a g e of the 
me thod is t h a t p roduc t iv i ty of double-crosses 
is d e t e r m i n e d direct ly and n o t by predict ion 
on one h a n d , and the p r o d u c t i v i t y of m o t h e r 
single-crosses is s imul taneous ly de te rmined , 
on t he o t h e r , which is v e r y i m p o r t a n t n o t 
only f r o m the point of view of seedproduc t ion , 
b u t also because the best ones — e.g. Mv 
530 can be in t roduced in commercial 
p roduc t ion . In the last p a p e r of the th i rd 
pa r t K o v á c s points out a considerable va r i a -
bi l i ty w i th in t he popula t ion of old lines, and 
r e fu t e s t h e complete homozygousness of even 
the oldest l ines; hu t beyond th is , by select-
ing t he subl ines he has a t t a i n e d a s ignif icant 
i m p r o v e m e n t of existing h y b r i d s : three-way-
crosses o b t a i n e d f rom the s y n t h e t i c of the best 
sub-l ines a n d t he old single-cross pa r tne r are 
highly va luab l e . 
I n t h e f o u r t h pa r t t r e a t i n g the subjec t 
of male s te r i l i ty , P a p p is t h e f i r s t to d r a w 
conclusions f r o m a s t u d y on hack-crossed 
series of 12 lines concerning the quest ion 
of w h a t are t he charac ter i s t ics b y which t h e 
course of t h e deve lopment of male sterile 
analogue can be most readi ly assessed. W h e n 
s tudy ing Texas - type male s ter i le and res torer 
basic ma te r i a l s used a t M a r t o n v á s á r , Csetneki 
found t h a t b o t h male-s ter i l i ty and fer t i l i ty 
r e s to ra t ion were reliable u n d e r var ious 
e n v i r o n m e n t a l conditions. H e adds , however, 
t h a t the res to r ing abili ty of pa r t i a l ly restorer 
lines d e p e n d s to a great e x t e n t on the crop 
year , t h o u g h no detailed d a t a in this respect 
are pub l i shed . In his nex t pape r Csetneki 
gives the 5 yea r s ' resul ts of comparison of 
the p r o d u c t i v i t y of 6 h y b r i d s produced 
pa r t l y b y r emoving tassels a n d pa r t ly in a 
male-ster i le w a y , and p o i n t s ou t t ha t no 
d i f ference in p roduc t iv i ty can be found 
be tween h y b r i d s obta ined w i t h the two 
me thods of seed p roduc t ion : among the 39 
compar i sons only th ree r e a c h e d a s ignif icant 
d i f fe rence of 5 per cent . O r a b y studied t he 
ef fec t of male-ster i le cy top l a sm on product iv-
i ty and o t h e r character is t ics of p lants f r o m 
the aspect of seed production. I n micro-plot 
exper iments w,.ere pol l inat ion of male-
sterile plots could no t he imper fec t e i ther 
Texas- type single-crosses were compared 
w i t h their n o r m a l and res torer analogues: 
as compared t o t he normal s te r i le hybrids 
showed only a slight, while t h e restorer 
analogue a m o r e considerable c r o p failure. 
T h e paper p r e s e n t s the combining abi l i ty of 
several lines too . I n the nex t p a p e r Oraby 
examines the combin ing ability of t h e Texas-
t y p e male-sterile f o r m of a W F 9 l ine obta ined 
w i t h three d i f f e r e n t donors and of i t s Molda-
v ian- type male-s ter i le analogue ill six test 
crosses in o r d e r t o obtain a p i c t u r e of the 
ef fects of donors . Yields vary b y c r o p years 
a n d testers, h u t the yie ld- increasing effect 
of the Moldav ian- type male-s ter i l i ty is sig-
n i f icant . A c o m p a r i s o n with the n o r m a l W F 9 
line would he interest ing. In h i s s t udy 
i l lustrated wi th original mic ropho tos . Oraby 
examines the d iv is ion of pollen m o t h e r cells 
in male-sterile p l a n t s in order t o de te rmine 
t he phase in w h i c h the degenera t ion phenom-
enon of male-s te r i l i ty appears . T h e last 
p a p e r of the p a r t dealing wi th t h e question 
of male-s ter i l i ty s tudies in ma le - s t e r i l e lines 
a n d their n o r m a l analogues the fo rce required 
for pulling u p a p l an t . Au thor s — as they 
wr i te had not known the m e t h o d of 
measuring a n c h o r a g e of p l a n t s i n maize 
— since they a r e not specialists of maize 
breeding a n d m a d e a new i n s t r u m e n t for 
th i s purpose. T h e ins t rument p r o v e d f i t for 
use and wi th i t s a id the au thors p o i n t e d out 
t h a t the s t r e n g t h of the root s y s t e m depends 
on the c y t o p l a s m , as the ma le - s t e r i l e line 
h a d in most cases considerably s tronger 
roots than its n o r m a l analogue. 
The f i f t h p a r t of the book dea l s wi th the 
yield componen t s . I n the f i r s t p a p e r Kovács 
examines in de t a i l the heterosis e f f e c t shown 
b y the five m a j o r yield c o m p o n e n t s and the 
yield resul t ing f r o m them in t h e various 
crosses: these he teros is indices s igni f icant ly 
d i f fe r f rom e a c h o the r . He f o u n d t h a t inter-
crossing of single-crosses gave o n l y a hete-
rosis index be low 100 (93.59), t h a t is . on the 
average of t he examined six cases double-
crosses yielded 6.41 per cent less t h a n the 
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single-cross paren ts . This f a c t does not mean , 
however , t he lower p r o d u c t i v i t y of double-
crosses in general , as p r o d u c t i v i t y of excel-
lent p a r e n t single-crosses exceeds not only 
the double-crosses b u t also t he non-paren t 
single-crosses. Herczegh eva lua t e s the impor-
tance of seven di f ferent y ie ld components 
f rom the po in t of view of yield and f inds 
essential differences. He examines correla-
t ions be tween the componen t s too. The v e r y 
close (r = 0.95) corre la t ion between ear 
length and grain size m a y be caused by t h e 
fac t t h a t t h e examined p o p u l a t i o n consisted 
of lines a n d hybrids . The t h i r d paper of th i s 
p a r t (wr i t t en b y Kovács, O ' s v á t h and Kovács) 
examines t he role played b y t h e yield elements 
of t he ea r as active c o m p o n e n t s in producing 
yield b y means of p a t h analys is . The p a t h 
analysis invest igates the role of 9 components 
as t hey develop in four s t eps t h e weight a t 
ha rves t of the ear. F ina l ly , when s tudying 
the u n i f o r m i t y of the yield e lements Kovács 
and K o v á c s point out in t e res t ing differences 
between lines, single and double-crosses a n d 
var ie t ies in the evenness of t he i r ears. Since, 
however , second ears of p l a n t s were also p u t 
to e x a m i n a t i o n , hybr ids p roduc ing more 
second ea r s might have seemed less un i fo rm. 
Discussion of indiv idual breeding objec-
tives begins wi th a s t udy b y Herczegh o n 
some ques t ions of cold to le rance . Cold t e s t 
da t a a re summar ized in an i n d e x obtained b y 
ge rmina t ion percentage d iv ided by the p rod-
uc t of mul t ip l icat ion of t i m e and t empera -
tu re . On t he ground of cold tes t da t a of 11 
hyb r id s a negative cor re la t ion was found 
between cold tolerance a n d t he length of t h e 
vege ta t ive per iod, while in six lines the male-
sterile f o r m was less cold t o l e r a n t than t h e 
fert i le f o r m . The next p a p e r concludes f r o m 
the e x a m i n a t i o n of 3 lines on a be t te r cold 
to lerance of sterile fo rms , t h u s a d i f fe ren t 
cha rac te r of the cytoplasms of donors can be 
suspected . Dolinka e labora ted an index deter-
mina t ion me thod for the p u r p o s e of breeding 
for f r i t - f l y resistance, which gives the resist-
ance of t he line or hybr id in a single s ta t is t i -
cally éva luab le f igure. T h e g r ea t differences 
found p e r m i t the expec ta t ion of new resul ts 
in res is tance breeding. O n t h e basis of t h e 
index 5 degrees of resistance were de t e rmined . 
By a regre t t ab le mis take in m o r e t h a n one 
places "degree of res is tance" is writ ten 
ins tead of " r e s i s t a n c e index" , a n d examples 
i l lustrat ing t h e de te rmina t ion of t h e index 
because of a d i s t u r b i n g misp r in t seem not 
t o be precise. N a m e l y on page 288 F f 4 - 0.1 
is instead of F f ( = 0.2 and th i s m i s p r i n t is 
d is turbing in t h e fo rmu la too. W h e n study-
ing the f r i t - f ly res is tance of some lines and 
the i r male-steri le analogues, b y m e a n s of 
th i s index O r a b v and Dolinka discovered 
essential d i f fe rences between t h e l ines and 
f o u n d the male-s ter i le forms m o r e res is tant . 
Csetneki and B a r a b á s inves t iga ted t h e radio-
sensitivity of l ines a n d hybrids b y compar ing 
t h e fertile a n d male-sterile f o r m s b o t h at 
seedling and deve loped stage. A m o n g doses 
tes ted in the f o u r yea r s e x p e r i m e n t those of 
4 and 8 Kr w e r e appl ied and h i g h l y remark-
able differences were found in radio-sensi t iv-
i ty . The series of papers discussing t h e indi-
v idual b reed ing objectives is closed by 
Kovács 's work , wh ich — while indicat ing 
wi th its t i t le a s t u d y on t h e qua l i ta t ive 
improvement of ma ize — deals w i t h t he most 
impor tan t q u e s t i o n of qual i ty : t h e protein 
problem only. O n t h e basis of p r o t e i n differen-
ces in sublines se lec ted f rom t h e p a r e n t line 
of a hybrid, t h e a u t h o r improves t h e protein 
yield of the h y b r i d and considers t h e amino 
acid contents t oo . However, n e i t h e r t he per 
se examina t ion nor any other t e s t crossing 
are suitable t o select the subl ines ; owing to 
a lack of cor re la t ion , testing m u s t be carried 
ou t with the o t h e r paren t of t h e h y b r i d . 
The last p a r t of the book w h i c h deals 
w i t h biological researches beg ins with a 
s t udy by K o v á c s on the n u t r i e n t movemen t 
between main shoo t s and ti l lers. T h e value 
of the paper cons i s t s of the precise examina-
t ions having b e e n carried ou t a t d i f ferent 
phases of o n t o g e n y and product ive a n d sterile 
tillers s tudied separa te ly . G á s p á r presents 
his method e l a b o r a t e d for the de t e rmina t i on 
of the biological value of m a i z e protein: 
de te rmina t ion of sal t soluble p r o t e i n and 
non-protein n i t r o g e n s by means of gel fi l tra-
t ion. In the l a s t p a p e r s of the b o o k Kovács 
discusses the e f f e c t of c i rcumstances influenc-
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i ng t h e value of seed. A u t h o r reports s ign i f i -
c a n t differences n o t o n l y in the s u b s e q u e n t 
y e a r ' s yields of l ines b u t also in y i e l d s of 
s ingle-crosses p r o d u c e d as a react ion t o d i f -
f e r e n t fertilizers app l i ed to lines, and r e c o m -
m e n d s the different fer t i l izat ion of p a r e n t s . 
H e dea l s in a s e p a r a t e p a p e r with t h e e f f e c t 
of t h i s ferti l ization o n resistance t o wi l t 
d i s e a s e . Although s ign i f i can t d i f fe rences in 
r e s i s t a n c e between crosses produced f r o m 
d i f f e r e n t l y fertilized l ines are r e p o r t e d on 
t h e bas i s of one y e a r exper iments , no logica l 
co r r e l a t i ons can be concluded on f r o m t h e 
r e s u l t s ; it would h a v e been in t e r e s t i ng to 
l e a r n whether f e r t i l i z a t i on had any e f f e c t on 
r e s i s t a n c e in the l ines themselves. His p a p e r 
d e s c r i b i n g the e f f ec t s of germinat ion p e r -
c e n t a g e and initial g r o w t h vigour t e s t i f i e s 
t h a t even those seeds which show a 72 pe r 
c e n t germination w i t h increased seed n u m b e r 
a n d th inn ing for in i t i a l g rowth vigour d o n o t 
r e s u l t in reduced y i e l d s . He studies i n a sep-
a r a t e paper the q u a n t i t i e s and p r o p o r t i o n s of 
t o t a l nucleic acid a n d adenine in t h e pol len 
a n d seed of lines a n d h y b r i d s ; on the g r o u n d 
of r e s u l t s obtained so f a r the author cons ide r s 
t h i s propor t ion to he t h e measure of v i t a l i t y . 
T h e series of papers is completed by a study-
o n t h e indole acetic a c i d content of d i f f e r e n t l y 
f e r t i l i z e d lines and t h e i r single-crosses. 
T h e nicely got-up b o o k is lacking in a l is t 
of mispr in t s , a l t h o u g h some of t h e m m i g h t 
b e confus ing . So. f o r example , on p a g e 19 
L S D is to be read i n s t e a d of GD, o n p a g e 
f l 1 
44 L r instead of _ n , in the figure o n p a g e 
\ ) 
113 I I I tester i n s t e a d of I tes ter , i n t h e 
t a b l e on page 140 M v 602 instead of M v 1, 
e t c . I n some places t h e t e x t is s u p e r f l u o u s l y 
l e n g t h y or tables a r e t o o detailed, b u t t h i s 
d o e s n o t alter the f a c t t h a t the book g ives a 
c l e a r picture of r e c e n t work carried o u t in 
t h e m o s t varied p a r t s of maize b r e e d i n g in 
H u n g a r y . The book discloses tha t H u n g a r i a n 
h y b r i d maize b reed ing which has p r o d u c e d 
v a l u a b l e hybrids b y t h e well-known class ical 
b r e e d i n g methods, c o n t r i b u t e s with i t s m e t h -
odologica l research w o r k to the i n t e r n a t i o n a l 
k n o w l e d g e of hybr id m a i z e breeding as well . 
L . B E R Z S E N Y I - J A N O S I T S 
Népi kultúra Népi társadalom (Folkways — 
people's society) . A M a g y a r Tudományos 
Akadémia Néprajz i K u t a t ó Csoport jának 
E v k ö n y v e , I I I I I . ( Y e a r b o o k of the Folk-
lorist G r o u p of the H u n g a r i a n Academy of 
Sciences I I I I I . ) A k a d é m i a i Kiadó, B u d a -
pest, 1969. 
Member s of the Fo lk lor i s t Group of t h e 
H u n g a r i a n Academy of Sciences repor ted 
this t i m e o n the most i m p o r t a n t results of 
their r e s e a r c h work in 15 s tud ies . The collec-
tion of p a p e r s deals p r i m a r i l y with t he 
mater ia l a n d intellectual fo lk lo re of Hungary . 
The w a y i t t r ea t s the s u b j e c t is of very h igh 
level a n d of compara t ive charac ter . Grea t 
part of t h e i l lustrat ions consis ts of original 
photos. T h e collection of p a p e r s is completed 
by a s h o r t summary w r i t t e n in German. 
F r o m an agr icul tura l view-point t he 
studies o n Hungar ian l ives tock breeding and 
peasant f a r m i n g are of i n t e rna t iona l impor-
tance. 
K o v á c s in his s t u d y : " P á s z t o r t ű z h e l y e k 
Erdé lyben 1900 körül" (F i rep laces of herds-
men in T ransy lvan ia a r o u n d 1900) discusses 
ihe f i r ep l aces and f i r ing e q u i p m e n t s of t he 
T r a n s y l v a n i a n herdsmen, f i r s t of all those of 
shepherds . Beside desc r ib ing the var ious 
forms of f i replaces he deals w i t h the s t ruc ture 
and a r r a n g e m e n t of boiler s t ands , cauldrons 
and boi lers too. 
S z a b a d f a l v i in his p a p e r : " A magyar á l la t -
tenyész tés tipológiai és te rminológia i problé-
má ihoz" (Contr ibut ion t o t h e typological 
and te rminologica l p r o b l e m s of Hunga r i an 
livestock breeding) deals w i t h the etymologi-
cal ques t i ons of wrid and o p e n air s tock-farm-
ing, b u t touches upon t h e typ ica l problems 
of the H u n g a r i a n geograph ica l regions too . 
Kósa ' s s t u d y : " T a l á l m á n y o k a parasz t i 
g a z d a s á g b a n " ( Invent ions in peasant f a r m s ) 
is especial ly impor tan t f r o m an agricul tural 
v iew-poin t . Namely in H u n g a r y , in spite of 
the g r e a t changes of t he las t decades (new-
plant v a r i e t i e s and species of animals , e x t e n d -
ed p rofess iona l knowledge, increased arab le 
area, h i g h e r marke t possibi l i t ies , etc.) pea san t 
fa rming h a s remained on t h e whole t r a d i -
tional. T h e clever i nven t ions , a pa r t of which 
(corn p l a n t e r , pota to p l a n t e r , drill-hoe, p o t a t o 
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l i f ter , etc.) is dea l t wi th in p r e s e n t pape r , are 
due to the n a t u r a l way of th ink ing character is-
t ic of the H u n g a r i a n peasant . 
Pa l ád i -Kovács : " A z abara . E g y szénatároló 
ép í tmény a m a g y a r parasz tok gazdálkodásá-
b a n " ( " A b a r a " , a special h a y b a r n in Hun-
garian p e a s a n t farming) . The a u t h o r ' s paper 
supplies a g r ea t w a n t , since l i t t le has been 
known so f a r abou t the m e a d o w and hay 
fa rming of H u n g a r i a n p e a s a n t s . Au thor 
throws l ight o n t he spread, f u n c t i o n and cul-
tural his tor ical background of t h e " a b a r a " , a 
less known h a y s tor ing bui lding used earlier 
as g ranary too . (The word " a b a r a " originates 
f rom the U k r a i n i a n word " o b o r i h " . ) 
In his s t u d y : " A ser téshús t a r tó s í t á sa a 
parasz t i h á z t a r t á s b a n " (Pork p rese rva t ion in 
the pea san t households) K i s b á n E . calls 
a t t en t ion to an in teres t ing p r o b l e m . Author 
describes t h e popu la r me thods of chopping 
and preserv ing m e a t , mak ing l a rd , bast ing, 
making s t u f f i n g and sour soups. 
Papers , dea l ing with p r o b l e m s which do 
not bear d i rec t relat ions to agr icu l tu re , are 
also s ignif icant : 
Gunda : " A z ember és az Echeneis naucrates 
k a p c s o l a t a " (Rela t ionship b e t w e e n m a n and 
Echeneis naucrates). Historical re la t ions of 
rémora f i sh ing in various p a r t s of t he ear th ; 
Filep: " K é t b e l t e l k e s mezőváros (Ónod) XVI I . 
századi l á t k é p i ábrázo lása" [17 t h century 
panoramic i l lus t ra t ion of a double-grange 
count ry tow n (Ónod)] . Folkloris t ic and settle-
men t h is tor ical d a t a of charac te r i s t i c settle-
ments on t he n o r t h e r n border of the Hunga-
rian Great P l a i n : Manga: " E g y magyarország i 
szlovák f a l u " (A Slovakian vi l lage in Hun-
gary). Process ing of mater ia l a n d intel lectual 
folkloristic d a t a on the r e f o r m a t i o n and 
changes occur red in the vil lage Vanyarc , 
Nógrád c o u n t y , in the 18 th c e n t u r y ; Kovács : 
" A X X . s z á z a d b a n rögzí te t t m a g y a r nép-
meseszövegek X I X . századi n y o m t a t o t t for-
rásai I . A r a n y László magyar népmesegyű j t e -
m é n y e " (19 t h century p r i n t e d sources of 
Hunga r i an fo lk ta le tex ts f ixed in t he 20 th 
century I . H u n g a r i a n folkta le collection by 
László A r a n y ) ; N a g y : "A m a g y a r Noé- tör té-
netek nemzetköz i kapcsolatai és m ű f a j i kérdé-
sei" ( I n t e rna t i ona l relations and l i t e ra ry genre 
of t h e Hungar ian N o a h stories); S z e m e r k é n y i : 
" A proverb iumok logika i -szemant ika i össze-
h a s o n l í t ó v i z sgá l a t ához" (Compara t ive logi-
ca l -semant ica l s t u d y of proverbs); K ü l l ő s : 
" A m a g y a r népköl tésze t lírai d a l m ű f a j a i és a 
k é z i r a t o s énekkö l t é sze t " (Hungar ian ly r ica l 
fo lk - song forms a n d t h e hand-wr i t t en lyr ica l 
p o e t r y ) ; Hoppál : "Gyerek i j e sz tők — I . " 
(F r igh ten ing of ch i ld ren ) ; J ávo r : " A s s z o n y -
f a r s a n g M á t r a a l m á s o n " (Women's c a r n i v a l at 
M á t r a a l m á s ) ; Diószegi: " A h o n f o g l a l ó m a g y a r -
ság hi tv i lágának t ö r t é n e t i rétegei. A v i l á g f a " 
(His to r i ca l s t ra ta of t h e religious be l ie fs of 
t h e f i r s t H u n g a r i a n sett lers. The w o r l d ' s 
t ree ) . On the basis of a very t h o r o u g h com-
p a r a t i v e s tudy a u t h o r supposes t h a t the 
H u n g a r i a n concept of wor ld ' s tree, w h i c h can 
be f o u n d even t o d a y in the beliefs, t a l e s and 
deco ra t ive art of t h e Hunga r i an peop le and 
p r o v e d to be an e t h n i c a l character is t ic , ha s 
i t s r o o t in the U r a l i a n cul tural basis of the 
H u n g a r i a n people. 
N o t only folklor is ts , linguists a n d fo lk-
song and folktale col lectors , but also H u n -
g a r i a n and foreign researchers , e x p e r t s a n d 
t e a c h e r s of plant g rowing , livestock b r e e d i n g , 
b o t a n y and zoology can make use of t hese 
p a p e r s . 
L . G Y . S Z A B Ó 
Studies about humus 
Transaction of the International Symposium 
"Humus et Planta Í V ' . Prague, S e p t e m b e r 
1967. 316. 
T h e work pub l i shed by the Cen t ra l Re-
s e a r c h Ins t i tu te of P l a n t Product ion of the 
Agr i cu l tu ra l and F o o d Research C e n t r e , 
P r a g u e (editors: B. N ó v á k , and V. R v p á c e k ) 
s u m s u p the lectures delivered at a confe-
r e n c e held in 1967 in P r a g u e with t h e p a r t i -
c i p a t i o n of m a n y in te rna t iona l ly a c k n o w l -
edged representa t ives of the humus r e s e a r c h . 
T h e nearly 100 p a r t i c i p a n t s de l ivered 60 
l e c tu r e s at the confe rence . The p u b l i c a t i o n 
c o n t a i n s the tex t of t h e lectures de l ivered in 
p a r t in English, in p a r t in Russian l a n g u a g e s 
in t h e form of pape r s , completed wi th l i t e r a r y 
re fe rences . The p r e f a c e was w r i t t e n b y 
V. K á s . 
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The confe rence was the r e s u l t of a co-
operat ion m a i n t a i n e d in this f i e ld of science 
with an e v e r increasing i n t e r n a t i o n a l 
in teres t — by t h e Czechoslovakian Academy 
of Sciences, t h e Czechoslovakian Botanical 
Society, the P o l i s h Academy of Sciences and 
t h e Polish B o t a n i c a l Society. T h e sympos ium 
is the c o n t i n u a t i o n of a series of conferences; 
the first was h e l d in Posnan, i n 1957 the 
mater ia l of w h i c h was published i n 1960 in the 
A c t a Agrobiologica I X ; lectures of t h e second 
symposium o r g a n i z e d in 1961 i n P r a g u e and 
Brno were p u b l i s h e d in 1962 b y t h e CSAV 
Publishing H o u s e in the f o r m of a book, 
u n d e r the t i t l e "Studies a b o u t h u m u s " . 
T h e third s y m p o s i u m — in 1967 — was held 
again in P r a g u e ill the o rgan iza t i on of the 
earl ier m e n t i o n e d inst i tut ions ass is ted by 
Polish researchers , fur ther b y t h e Central 
P l a n t P r o d u c t i o n Besearch I n s t i t u t e of 
Prague , the Microbiological I n s t i t u t e of the 
CSAV, the H i g h School of A g r i c u l t u r e in 
Prague , the J . E . Purkyne U n i v e r s i t y of 
Brno and the Brno High School of Agri-
cul ture . 
The increasing interest and d i f f e ren t i a t ing 
subjec ts made i t necessary to o rgan ize the 
1967 conference i n the following f o u r sections: 
1) Processes of humus f o r m a t i o n (intro-
duc tory lecture b y H . M. H u r s t , t h e Harley 
Botanical Labora to r i e s , The Univers i ty , 
Liverpool). 
2) The c h e m i c a l composition a n d physical 
propert ies of h u m u s substances ( i n t r o d u c t o r y 
lecture by W . F l a i g , Ins t i tu t d e r Biochemie 
des Bodens, Braunschweig-Völkenrode) . 
3) The i n f l u e n c e of h u m u s o n t he soil 
qualit ies ( i n t r o d u c t o r y lecture b y M. M. 
Kononova , P o c h v e n n v Ins t i t u t i m e n i Doku-
chaveva , Moscow). 
4) The i n f l u e n c e of h u m u s subs tances 
on the physiological expression a n d nutr i t ion 
of plants. ( I n t r o d u c t o r y l e c t u r e by S. 
Guminski , I n s t i t u t Botaniczny Univers i t e tu 
Wroelawskiego im . Boleslawa Bieruta , 
Wroclaw). 
The work of t h e four sec t ions was co-
ordinated b y t h e plenary m e e t i n g wi th Sil-
ves t r Prat a c a d e m i c i a n , h o n o r a r y president 
of the s y m p o s i u m in the chair . 
A t the session of t h e section " A " w h i c h 
d e a l t wi th the f o r m a t i o n of h u m u s sub -
s t a n c e s , 11 lectures were delivered. T h e y 
i n c l u d e d the subs t r a t e s a n d the microbiologi-
cal chemis t ry of h u m u s format ion, a n d t h e 
cha rac te r i za t ion of t h e role of soil and o t h e r 
f a c t o r s inf luencing t h e h u m u s f o r m a t i o n . 
T h e lecture de l ivered by H. M. H u r s t , 
c h a i r m a n of the sess ion, under the t i t le " P r o -
cesses occurring d u r i n g the f o r m a t i o n of 
h u m i c subs tances" discussed thoroughly t h e 
ro le p layed by v a r i o u s organic c o m p o u n d 
g r o u p s of plant or ig in in the f o r m a t i o n of 
h u m u s , with special s t r e s s laid on t he i m p o r -
t a n c e of aromatic s t r u c t u r e d , pheno l i cna tu r ed 
h u m u s precursors w h i c h are res i s tan t to 
microbiological decompos i t ion , on t he role of 
l ign in , f lavonoids as well as of mic rob ia l 
p i g m e n t s of qu inno id na tu re . A m o n g t h e 
processes of humus f o r m a t i o n he e m p h a s i z e d 
t he co-polymerizat ion of phenolic un i t s f r o m 
a v a r i e t y of sources. 
I n the lectures de l ive red at the session of 
the sect ion mainly m o d e l exper iments were 
g i v e n account of, in w h i c h in vitro t r a n s f o r -
m a t i o n of various h u m u s substra tes in t h e 
cou r se of the mic rob i a l metabol ism w a s 
e x a m i n e d in the p resence of different e n v i r o n -
m e n t a l factors. 
A lecture was de l ive red on the s t r u c t u r a l 
r e l a t i onsh ip between humic-l ike black po ly -
m e r p roduced by t h e Azotobacter chroococ-
e u m a n d humic p o l y m e r originating f r o m 
l ign in (M. Bober t -Gero e t al.). Lecture de l iv -
ered b y V. Tichy: "Decompos i t ion of l igno-
cel lulose by wood-des t roy ing fungi as a m o d e l 
of h u m u s f o r m a t i o n " , as well as p a p e r s b y 
L . Scháne l : " B e d p i g m e n t fo rmat ion a n d 
h u m i c acid synthes is b y white-rot f u n g i " , 
a n d G. Müller et a l . : " S o m e aspects of bio-
logica l ly formed h u m i c subs tances" be long 
to a similar scope of subjects . B. N o v a k 
se l ec t ed his subject f r o m the enzymology of 
h u m u s format ion: " T h e effect of f ree o x i d a -
t ions and ox ida t ive phosphory la t ions on 
h u m i f i c a t i o n " . In o t h e r works h u m u s f o r m a -
t i o n s a re studied in t h e na tu ra l e n v i r o n m e n t : 
t h e soil : H. E. F r e y t ag;: "Glucose decompos i -
t i o n and new f o r m e d humic s u b s t a n c e s " , 
D. W ó j c i k - W o j t k o w i a k : "The inf luence of 
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N a N 1 5 0 3 a n d ( N 1 5 H 4 ) 2 C 0 3 o n t he humif ica-
tion of s t r a w in the soil a n d o n t he ni t rogen 
ut i l izat ion f r o m the h u m i f i e d mater ia l b y 
p l an t s " , E . N . Mi shus t i n—G. N . Mrysha : 
" F r a c t i o n s of h u m u s s u b s t a n c e s of soil a n d 
their decompos i t i on by mic roorgan i sms" . 
The i n t e r a c t i o n of i no rgan ic colloids a n d 
humus f o r m a t i o n was e x a m i n e d b y Z. Fi l ip: 
"The d e v e l o p m e n t of mic roorgan i sms a n d 
the p r o d u c t i o n of humic s u b s t a n c e s in sand 
cul tures w i t h d i f ferent b e n t o n i t e con ten t s " . 
The p a p e r b y S. P r á t o n t h e special con-
dit ions of h u m u s fo rma t ion : " H u m u s fo rma-
tion in sa l ine wa te r s " h a s t o be separate ly 
m e n t i o n e d . 
A t t h e mee t ings of sec t ion " B " 12 lectures 
were de l ive red . The i n t r o d u c t o r y lecture of 
W. F la ig , cha i rman of t h e sect ion had t h e 
title " C h e m i c a l composi t ion and physical 
p roper t ies of humic s u b s t a n c e s " , in which 
the m o s t i m p o r t a n t processes and ini t ia l 
mater ia ls of humic subs tance fo rmat ion , t h e 
origin of h u m i c nitrogen a n d t h e dis t r ibut ion 
of o x y g e n a t o m s in the d i f f e r e n t func t iona l 
groups of h u m i c acids were surveyed. T h e 
lecture d e a l t wi th the poss ib le chromophore 
groups of h u m i c acids on t h e basis of visible 
and u l t r a - v i o l e t absorpt ion spec t r a , and pre-
sented t h e resu l t s of the m o s t r ecen t examina-
tions concern ing the size, molecular weight 
and u l t ra -microscopic s t r u c t u r e of humic 
acid macro-molecules . 
W i t h i n t he scope of t h e lec tures of sec-
tion " B " severa l lectures dea l t wi th the u p -
to-da te f r a c t i o n i n g me thods of humic acids. 
So G. F e r r a r i e t al. and F . Pospis i l delivered 
lectures oil a similar s u b j e c t , on the h u m i c 
ac id -ana ly t i ca l applicat ion of t he method of 
ge l - f i l t ra t ion ; B. G. M u r z a k o v in t roduced 
the s e p a r a t i o n of fulvic ac ids by column-
e h r o m a t o g r a p h y . K. K u m a d a and O. Sa to 
lectured 011 the spec t ropho tomet r i c charac-
ter iza t ion of " P " - t y p e h u m i c acids isolated 
f rom d i f f e r e n t horizons of v a r i o u s soil types . 
I). S. O r l o v gave account of invest igat ions 
into t h e re la t ionship b e t w e e n t he chemical 
s t ruc tu re a n d optical p rope r t i e s of humus i n 
his l e c tu r e : " S o m e problems a b o u t the s t ruc-
ture and iden t i f i ca t ion of h u m u s subs tances" . 
V. L o c h m a n discussed t h e changes on t h e 
opt ical and c h e m i c a l propert ies of humic 
a n d fulvic ac ids u n d e r the i n f l u e n c e of 
ammonia gas s a t u r a t i o n dur ing compos t -
mak ing . Two l e c t u r e s were del ivered on the 
in terac t ion of h u m i c acids and m e t a l ions. 
D . Kleinhempel l e c t u r e d on the d y n a m i c s of 
organic bound i r o n in the soil, wh i l e D. S. 
Or lov et al. r e p o r t e d on the po la rograph ic 
examina t ion of t h e in teract ion of humie 
acids and h e a v y m e t a l microe lements . The 
p a p e r of S. A. G o r d i e n k o dealt also w i t h the 
character is t ics of me ta l i o n - h u m i c acid 
complexes in r e l a t i o n to brown coal a n d peat 
h u m i c acids. F i n a l l y , this sect ion included 
B. Válek's p a p e r , which c o m p a r e d mont -
moril lonite c l a y - m e t a l and h u m u s w i t h re-
spect to the e f f ec t exer ted on t he m a x i m u m 
capil lar mois tu re capac i ty . 
The highest n u m b e r of lectures , 23, were 
delivered in s ec t ion " C " . The close correla-
t ions of the d i f f e r e n t questions p r even t ed 
t h e strict s e p a r a t i o n of subjects , so papers 
presented in th i s g r o u p are connected in many 
respects with s u b j e c t s of sections " A " and 
" B " . The i n t r o d u c t o r y lecture de l ivered by 
the leader of t h e section M. M. K o n o n o v a 
surveys the e n t i r e scope of p r o b l e m s of 
humus-soil r e l a t ion . S. S. D r a g u n o v dealt 
w i t h some ques t ions of humic acid f o r m a t i o n . 
T h e effect of e x t e r n a l factors on humi f i ea t i on 
was discussed in t w o papers : the p a p e r by S. 
F rank lová —B. N ó v á k deals with t h e inf luence 
of t empera ture , whi le t h a t of V. Cizek with 
t he effect of o x y g e n level on h u m i f i e a t i o n . 
H u m u s dynamic response to in t ens ive manu-
r ing was t r ea ted b y S. Sotáková, t h e n .T. Szegi 
explained the ro le of С and N sources in the 
microbiological decompos i t ion of N a - h u i n a t e . 
J . Nováková a n a l y s e d the q u a n t i t a t i v e effect 
of certain e lay-minera l s on the decompos i t ion 
of glucose. The p a p e r of J . P o k o r n á - K o z o v á 
deals with the e f f e c t of humus on t h e ac t iv i ty 
of cellulose decompos ing microorganisms . The 
problems of soil r e sp i ra t ion , h u m u s subs tan-
ces and fer t i l i ty a r e raised in the p a p e r s of J . 
Dainaska, E . K n o t k o v á and R . Apfe lha le r . 
I n this section t h e subjec ts of h u m u s compo-
si t ion and cha rac te r i za t ion were t r e a t e d by 
S. S. Dragunov e t al . , N. G. Zyr in e t al. and 
W . Rawald. H u m u s forms and d y n a m i c s of 
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d i f f e r en t soil t y p e s were discussed i n lec tures 
del ivered by K . M r á z , J . Pelisek, B . G r u n d a 
a n d I . Zimont. T w o lectures by M. Nik lewski 
e t al . on the fe r t i l i z ing effect of p e a t p r e p a r a -
t i o n s as well as S. K r y s t a n o v ' s p a p e r : " S o m e 
changes of soil o r g a n i c mat te r i n f l u e n c e d by 
m a n a g e m e n t " r e p r e s e n t a separa te scope of 
s u b j e c t . Soil a g g r e g a t e forming p r o p e r t y of 
o rgan i c mat te rs , a sub jec t t h a t h a d exci ted 
m u c h interest s e v e r a l years ago, w a s t r e a t e d 
o n l y in the l e c tu r e s of A. K u l l m a n a n d E. 
P a u l . 
At the session of section " C " t w o lectures 
of special in teres t w e r e also de l ivered , b y D. 
M c G r a t h on the soil p igments a n d l)y T . V. 
Drozdova on t he geochemical role of humic 
ac ids . 
The most " p r a c t i c a l " section of t h e con-
fe rence was sec t ion " D " , a l though lectures 
o n humus-plant r e l a t i o n s presented va luab le 
r e s u l t s of basic r e s e a r c h . 
The 13 lec tures delivered a t t h e session 
of section " D " were in t roduced b y the 
comprehensive l e c t u r e of S. G u m i n s k i : The 
e f f e c t of humus c o m p o u n d s on some physio-
logical processes a n d plant nu t r i t ion . 
The lecture of P . A. Vlasyuk: " T h e impor-
t a n c e of organic subs t ances for p l a n t nut r i -
t i o n " was also of a summarizing cha rac t e r . 
A par t of t h e lectures dealt w i t h the 
d i r e c t plant physio logica l effect of humic 
substances , while ano the r pa r t w i t h such 
indi rec t actions in t h e course of w h i c h humic 
substances i n f l uence the u p t a k e of p lan t 
nu t r i en t s . 
D . Vaughan e x a m i n e d the effect of humic 
ac id on the i n v e r t a s e activity of bee t root 
t i ssues . 
L. A. Chr is teva e t a . gave a c c o u n t of the 
mani fo ld inf luence of soil h u m u s o n plant 
metabol i sm a n d seed quali ty. M. Valla 's 
l ec tu re dealt w i t h t h e response g iven b y the 
p l a n t to humic ac ids of d i f f e ren t origin. 
Z. Sladky's pape r ana lyses the g r o w t h regula t -
i n g effect of h u m u s substances o n isolated 
r o o t s . On the b a s i s of exper iments carr ied 
o u t with t o m a t o p l a n t s W. Rochus poin ted 
o u t that the so-ca l led " H u m a t e e f f e c t is not 
a general effect b u t a very specific o n e and 
is related to the spec i f ic humic acid f r a c t i o n " . 
V. T i c h y and H. N e c h u t o v á reported o n 
ve ry in te res t ing new r e s u l t s concerning t h e 
e f fec t of various h u m i c ac id fractions oil t h e 
energy metabol ism of p l a n t s . V. R y p á c e k 
gave accoun t of f a c t o r s influencing t he 
a c t i v i t y of humic acid p repara t ions , s t o rage 
and t h e role of the s t o r i n g time. H. Süch t ig 
and W . Loginov l e c t u r e d on the ef fec t of 
h u m u s substances on t h e ni t rogen u t i l iza t ion 
of p l a n t s . Lectures b y F . Lemaire and E . 
Wengl ikowska-Niedzwiecka covered some 
ques t ions of humus a n d phosphorus a n d 
p o t a s s i u m uptake , r e spec t ive ly . M. Niklewski 
spoke of the fertil izing e f f e c t of pea t p r e p -
a r a t i o n s . 
To s u m up w h a t h a v e been said, t he 
pub l i ca t ion reveals t h e f a c t that though in 
the l a s t decades p rac t i ca l agronomy r e p e a t -
edly revised the i m p o r t a n c e and role of t h e 
o rgan ic m a t t e r content of t he soil, the des i re 
of sc ien t i f ic cognition — in this field, w h e r e 
there is a lot to d i scover — continues t o 
s t i m u l a t e the researchers , which is p r o v e d 
by t h e sub jec t ma te r i a l of the 1967 s y m p o -
sium of "Studies abou t H u m u s " in P r a g u e . 
We t h i n k t h a t the pub l i ca t i on " H u m u s c t 
P l a n t a I V . " has en r i ched the l i tera ture of 
soil sc ience with a v a l u a b l e work. 
L . G Á S P Á R 
G. UBRIZSY. and A. GIMESI: A vegyszeres gyom-
irtás gyakorlata (P rac t i ce of chemical weed 
cont ro l ) . Mezőgazdasági Kiadó . B u d a p e s t , 
1969. 310. 
T h e handbook , which supplies a long felt 
need in the field of ag r i cu l tu ra l chemiza t ion . 
is of bas i c impor tance in the agrotechnical 
p rac t i ce . The general p a r t deals wi th t h e 
biological and chemical e lements of chemica l 
weed cont ro l by p r e s e n t i n g the biochemical 
p a r t processes of the a c t i o n mechanism a n d 
se lec t iv i ty of herbicides. Herbicide combina -
tions a r e summarized in t ab les with the a i m 
of w iden ing the range of herbicides. In add i -
t ion t o herbicides genera l ly used in p rac t i ce , 
those t e s t ed in the l a s t years and r ecom-
m e n d e d for commercial ut i l izat ion are dis-
cussed i n detail , wi th t h e i r commercial п а ш е , 
i nd i ca t i ng the act ive a g e n t and chemica l 
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composit ion a n d giving i n s t r u c t i o n s for use. 
Contact a n d sys temic herb ic ides are presented 
in tables too , w i t h a brief s u r v e y on the most 
impor t an t chemical , biological , h u m a n toxi-
cological, residue-biological, agrotechnical 
etc. charac te r s . The reader is g iven a detailed 
in format ion on the technologica l require-
ments of sp r ay ing as well as o n w h a t is to be 
done in t h e case of i n tox i ca t i ons occurring 
when p l a n t protect ives , m o r e precisely 
herbicides, a re applied. 
The p rac t i ca l p a r t descr ibes t he herbicides 
r ecommended for the v a r i o u s soil types 
according t o up- to-da te v i e w p o i n t s , group-
ing t h e m b y cul t ivated p l a n t s f rom the 
aspect of t h e agrotechnical p rac t i ce , with a 
detailed ana lys is on the a f t e r -e f fec t s . The 
book is especial ly par t icular a b o u t the chemi-
cal m e t h o d s of dodder con t ro l in alfalfa, the 
possibilities of af ter -seeding in sand soils 
without p loughing , by us ing herbicides, t he 
agrotechnical a d v a n t a g e s of r e g u l a t o r appli-
ca t ion , the poss ib i l i t ies of weed con t ro l in 
i r r iga t ion canals , t h e technology of weed 
con t ro l on p a s t u r e s and o t h e r prac t ica l 
applicat ions a i m e d a t at taining h i g h e r yields. 
Re la t ive q u a n t i t i e s of herbicide r e s idues as 
well as the d i f f e r e n t sensitivity of weeds to 
herbicides are also included in t a b l e s . General 
ins t ruc t ions on t h e chemical w e e d control 
of t he most i m p o r t a n t plants a re also given 
in t abu la r f o rm t o o . This modern h a n d b o o k 
which provides t h e practical agro technica l 
applicat ions w i t h a theoretical f o u n d a t i o n , 
gives the less f r e q u e n t special t e r m s as 
lexically d e t e r m i n e d , and is c o m p l e t e d with 
references of t h e m o s t recent l i t e r a t u r e . 
By p rov id ing a theoret ical bas i s for 
chemizat ion in agr icul ture , t he h a n d b o o k 
p romotes the w i d e r application of herbic ides 
in Hungary in o r d e r to increase o u r inter-
nat ional ly f a v o u r a b l e position in t h i s respect . 
B . I . P O Z S Á R 
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ERRATA 
Tlie correct legends of the figures in the report published on pp. 
385 392 of \о1 . XIX of Acta Agronomica Acad. Sei. Hung, are as follows: 
F i g . 3. Flower p r i m o r d i u m of P e t r o s e l i n u m hortense a t t h e plicatio s tage of carpels. A h igh ly 
m e r i s t e m a t i c zone ( m ) in the wall of t h e young pist i l . (Ob j . 10X, oc. 5 x ) 
F i g . f . In fu l ly deve loped P e t r o s e l i n u m hortense f l o w e r s a t the basa l zone of petals a n d 
s t a m i n a joined w i t h the ovary wal l an active m e r i s t e m a t i c zone still c a n be found. (Ob j . 
1 0 X , o c . 5 X ) 
F i g . 5. Ovary p a r t of Pastinaca s a t i v a pistil with t h e meris temat ic z o n e (m). (Obj . 20 X , 
oc. 5 X ) 
F i g . 6. Longi tud ina l section of ful ly deve loped F o e n i c u l u m vulgare f lower . (Ob j . 10 X , oc. 5 X ) 
F i g . 7. Par t of a H é l i a n t h e s a n n u u s y o u n g inflorescence wi th flower p r i m o r d i a . (Obj. 20 x , 
oc . 5 X) 
F i g . 8. Flower p r i m o r d i u m of H e l i a n t h u s annuus a f t e r t h e appearance of pe ta l , s tamen a n d 
p i s t i l pr imordia . I n t h e receptacle p a r t t h e mer i s temat ic zone begins to show up. (Obj. 20 X , 
oc. 5 X ) 
F i g . 9. Pa r t of a H e l i a n t h u s annuus y o u n g inflorescence w i t h flower p r i m o r d i a . In the c e n t r e 
of t h e receptacle a mer is temat ic zone (m) is left. (Ob j . 10 X, oc. 5 x ) 
F i g . 10. Fully deve loped flower of He l i an thus a n n u u s w i t h a m e r i s t e m a t i c zone (m) still 
a c t i v e . (Obj. 1 0 X , oc. 5 x ) 
F i g . 11. Flower p r i m o r d i u m of C a l e n d u l a officinalis w i t h a mer i s t emat ic zone (m) in t h e 
r e c e p t a c l e pa r t ( O b j . 2 0 X , oc. 5 x ) 
F i g . 12. Fully deve loped flowers of Calendula off icinal is wi th mer i s t ema t i c zones still seen 
O b j . 5 X . oc. 5 x ) 
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AGRONOMY 
JOURNAL 
This official organ of the American Society of Agron-
omy is a bimonthly publication of up-to-date reports 
of general agronomic research. Workers in the fields 
of forages and pastures, crop improvement, cultural 
practices, soil fertility, and allied areas of investiga-
tion will find articles of lasting interest in Agronomy 
Journal. Publication is open to members of the Amer-
ican Society of Agronomy. 
S22.00 per y ear in U.S. and Canada $24.00 per year elsewhere. 
AMERICAN SOCIETY OF AGRONOMY 
677 S. Segoe Rd, 
Madison, Wisconsin 7)711 
Probleme agr icole" 
is a periodical of agricultural science and practice, 
published in Rumania as an organ of the Higher 
Council of Agriculture and destined to the specialists 
in agriculture with higher studies. 
The review publishes works concerning the problems of 
the development of the agricultural production (original 
researches, papers drawn up on the basis of experiments 
and of the scientific literature of speciality, achievements 
of the foremost agricultural units) in the following fields : 
economy and organization of the production, utilization 
of the land fund, plant melioration, agrotechnics, phyto-
technics, plant protection. The original works are accom-
panied by Russian, English, and French summaries. 
The review contains also the chronicles of certain impor-
tant scientific events and manifestations from Rumania 
and from abroad, and the reviews of works published 
in different countries. 
EUPHYTK A 
Netherlands Journal of Plant Breeding 
Vol. 19 (1970) (about 550 pp.) contains 70 articles. Some are: 
Selection for combining ability in pyrethrum, Epistasis for crown 
disease in the oil palm, cytoplasmic male sterility in petunia, Cyto-
genetical studies in wheat, Electron-microscopy on anther tissue 
and pollen of male sterile and fertile wheat, Basic information for 
the use of primary trisomies in genetic and breeding research work, 
Promotion of pistillate flowering in Cucurbita by 2-chloroethyl-
phosphonic acid, Crossability values whithin the Slash-Caribbean 
Pinus species complex, Yield variation in the early productive 
years in trials with cacao, Propagation of celery, Tissue culture of 
the oil palm, Incompatibility in the cross Rhododendron impeditum 
X R. williamsianum, Genome relationship in Solanum hybrids, 
Time and site of the S-gene action, Self-incompatibility in Ribes, 
Sterility in some Ipomoea-speeies, Interspecific crosses in Linum. 
Published four times a year, in annual volumes of about 
500 pages. 
Subscription vol. 20 (1971): 22.50 guilders (about $6) a year. 
Vols. 2 (1953) 17 (1968) at 20 guilders (+$5.50) per vol-
ume. Vols. 18 (1969) 19 (1970) at 22.50 guilders per volume. 
Vol. 1 (1952 reprinted) $12.50 
Correspondence should be addressed to: 
Dr. A.C. ZEVEN 
LAWICKSE ALLEE 166, WAGENINGEN 
THE NETHERLANDS. 
Das Institut für wissenschaftlich-technische Informationen des 
Ministeriums für Land- und Forstwirtschaft veröffentlicht die wissen-
schaftliche Zeitschrift 
ROSTLINNÁ VYROBA 
(Pflanzliche Produktion) 
Redaktionsrat: 
Vorsitzender Prof. Dr. Václav Kas, DrSc. 
Mitglieder: 
Ing. Jozef Belej, CSc., Akademiker Ctibor Blattny, ing. Jilji Fiedler, 
CSc., Prof. Dr. Ladislav Hruska, Prof. Dr. Jan Hruza, Ing. Ján Jasic, 
Prof. Dr. Vladimir Kosil, DrSc., Doz. Dr. Frantisek Landovsky, Ing. 
Jozef Lopatnik, CSc., korrespondierendes Mitglied der Tschechoslo-
wakischen Akademie der Wissenschaften Ing. Frantisek Marecek, 
Ing. Vladimir Martinék, CSc., Ing. Frantisek Mráz, Ing. Ctirad Patejdl, 
Ing. Jaroslav Prugar, CSc., Doz. Ing. Václav Rybácek, Ing. Vladimir 
Segeta, CSc., Ing. Miloslav Schmied, Ing. Vladimir Skládal, Ing. Josef 
Slepicka, Doz. Ing. Antonin Stranák, CSc., Ing. Juraj Uhliar, RNDr. 
Ing. Jaroslav Zakopal. 
Die wissenschaftliche Zeitschrift Rostiinná vyroba veröffentlicht 
Studien, Analysen und wissenschaftliche Abhandlungen über die 
gelösten Aufgaben der Wissenschaft aus dem Fachgebiet der Pflanzen-
produktion. Die Zusammenfassungen jedes Beitrags werden in die 
russische, englische und deutsche Sprache übersetzt. 
Die wissenschaftliche Zeitschrift ,,Rostiinná vyroba" erscheint 
monatlich in einem Umfang von 112 Druckseiten. 
CROP SCIENCE 
Crop breeders, plant geneticists and physiologists, and 
workers in related areas will find Crop Science a source 
of valuable articles in their branches of science. 
This bimonthly journal carries reports of research in 
the genetics, physiology, ecology, breeding and manage-
ment of field crops, turfgrasses, pastures and ranges, 
and in seed technology. It is published by the Crop 
Science Society of America. Publication is open to 
members of the society. 
$22.00 per year in U.S. and Canada $24.00 per year 
elsewhere. 
Crop Science Society of America 677 S. Segoe Rd, 
Madison, Wisconsin. U.S.A., 53711 
S B O R N I K U V T T -
G E N E T I K A A SLECHTËNÎ 
The scientific journal Genetics and Breeding publishes 
original studies on plant genetics, agricultural plant breeding, 
seed production as well as works on biology and physiology 
concerned with these problems. It also presents thematic 
summarizing reports and topics on the technical improvement 
of breeding. 
The aim of the journal is to inform completely on the 
scientific research problems studied in Czechoslovakia and 
the results obtained. The studies are published in Czech 
and have English. Russian and German summaries. 
The journal is being issued quarterly; each copy con-
tains 80 pp. and costs 10 K.cs. Orders are received by the 
Editor, the Institute of Scientific and Technical Information, 
Prague 2, Slezská 7, Czechoslovakia. 
COMMONWEALTH BUREAU OF PLANT BREEDING AND 
GENETICS SCHOOL OF AGRICULTURE, 
CAMBRIDGE, ENGLAND 
Information on all topics concerned with the improvement 
of economic plants and microorganisms, in part icular the 
methods and achievements of c rop breeding, field trials, 
new varieties and strains, genetics and cytotogy, is given 
regularly in the journal. 
PLANT BREEDING 
ABSTRACTS 
COMPILED FROM WORLD LITERATURE 
Each volume contains over seven thousand abstracts from 
articles and reports in thirty to forty different languages, 
also reviews of new books and notices of new journals 
ANNUAL SUBSCRIPTION: 
Rate to subscribers in Non-Contributing Countr ies 210s. 
($27.50) 
Order through booksellers or 
COMMONWEALTH AGRICULTURAL BUREAUX 
CENTRAL SALS BRANCH, FARNHAM ROYAL, 
SLOUGH, ENGLAND 
CANADIAN JOURNAL 
OF PLANT SCIENCE 
The Agricultural Institute of Canada organized in 1920 pub-
lishes the Canadian Journals of Plant, Animal and Soil Science. 
These publications are devoted to the publication, in English and 
French, of the results of original scientific research in the fields 
of plant, animal and soil science. 
The Canadian Journal of Plant Science is published bi-
monthly; six issues making up a volume of some 600 pages a 
year, size 24.7 x 16.5 cm. 
The publication charge payable by all authors has been 
reduced to $25 per printed page; however, free reprints are no 
longer provided. Price quotations for reprints are provided with 
the galley proofs, and reprints should be ordered when the proofs 
are returned to the Editorial Office. 
Manuscripts for publication and all correspondence should 
be addressed to the Editorial Office. Subscriptions are $13 per 
year, including postage; single copies, $3.50. 
Editorial Office — Agricultural Institute of Canada, 
151 Slater Street, 
Ottawa 4, Ontario 
The Agricultural Institute of Canada also publishes the Agricultural 
Institute Review bimonthly. 
TO KEEP UP-TO-DATE 
with all scientific information pertaining to 
grasses and grassland (pastures, rangelands 
and fodder crops) the simplest and most 
economical method is to consult: 
HERBAGE ABSTRACTS 
If you would like to receive a free specimen 
copy of this quarterly journal please send 
a postcard to: 
Commonwealth Bureau of Pastures and Field Crops, 
Hurley, Nr. Maidenhead, Berks., England. 
T H E 
W E L L - I N F O R M E D 
FARMER READS 
AGRICULTURE 
Agriculture contains up-to-the-minute articles and notes of practical 
value and interest to all farmers and horticulturists. It also reviews all 
important new books on every aspect of farming and matters of rural 
interest. Contributors include specialists, research workers, farmers and 
growers. 
48 pages every month: illustrated 
Single copies Is. 3d. (by post Is. 9d). 
12 months' subscription 21s. (including postage) 
Write for a free specimen copy to : 
THE EDITORIAL OFFICE 
'AGRICULTURE' 
MINISTRY OF AGRICULTURE 
WHITEHALL PLACE, LONDON S.W. 1 
ENGLAND 
Weed abstracts 
Weed Abstracts is compiled from world literature by the Weed 
Research Organization of the Agricultural Research Council under 
the direction of J. D. Fryer and published every two months by the 
Commonwealth Agricultural Bureaux as one of their series of 
abstract journals covering the major branches of agricultural 
science. The object of Weed Abstracts is to provide factual summaries 
and reports of the world scientific and technical literature on weeds, 
weed control and allied subjects as a means of enabling readers 
to keep abreast of current developments and to act as a concise 
source of reference. 
All correspondence concerned with technical matters or with the 
contents of Weed Abstracts should be addressed to: 
All correspondence concerned with subscriptions or sales should 
be addressed to the Commonwealth Agricultural Bureaux at the 
address given below. 
SUBSCRIPTION RATES 
Weed Abstracts, Volume 19, 1970 (6 issues, including indexes). Rate 
to subscribers in Non-contributing Countries £10 ($26). Rate to 
subscribers in Contributing Countries £5. 
This and other publications of the Commonwealth Agricultural 
Bureaux can be obtained through any major bookseller or directly 
from : 
Editor 
Abstractors 
Librarian 
Indexer 
W. L. Millen 
P. J. Kemp, J. L. Mayall, Mrs. M. Young 
Mrs. B. R. Burton 
R. Ryan 
Information Section, 
A. R. C. Weed Research Organization, 
Yarnton, Oxford, England. 
CENTRAL SALES BRANCH, 
COMMONWEALTH AGRICULTURAL 
BUREAUX, 
FARNHAM ROYAL, BUCKS, ENGLAND 
PHYTOPATHOLOGY 
An internat ional Journal report ing or ig inal re-
search ( in English language only) in plant pa-
thology. Published by THE A M E R I C A N PHYTO-
PATHOLOGICAL SOCIETY. Established in 1909. 
Professional Membership (includes subscription) —$18 .00 /year 
Subscript ion (institutions, l ibraries, etc.) —$25 .00 /year 
12 issues per year. Some back issues avai lable. 
5 year Di rectory of Members free to members. 
Publication privileges f o r members. High qual i ty 
editorial requirements. 
CONTACT: THE BUSSINESS MANAGER — A.P.S. 
ST. PAUL, MINN. 
1821 UNIVERSITY AVE. 
U.S.A. 55104 
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PI ту t ( ) р at h ologis che 
Zeitschrift 
Gegründet 1930 von E. S C H A F F N I T . Herausgegeben von Prof. Dr. 
H . K E R N . Zürich; Prof. Dr. M . R U N K O W S K I , Aschersleben; Prof. 
Dr. Dr. h.c. H. R I C H T E R , Berlin, unter Mitwirkung von E. B A L -
OACCI , Mailand; H. B R A U N , Bonn; G . L. F A R K A S , Budapest; N . 
H I R A T S U K A , Tokyo; J . K O C H M A N , Warschau; E. K Ö H L E R . Braun-
schweig; К . О. M Ü L L E R , Heidelberg; Y. R Y Z K O V , Moskau; T. S. 
S A D A S I V A N , Madras; К . S I L B E R S C H M I D T , Sâo Paulo; E. C . S T A K M A N , 
St. Paul. 
Die »PHYTOPATHOLOGISCHE ZEITSCHRIFT« ist das 
internationale Sammelorgan fü r die wichtigsten Arbeiten auf 
dem Gebiet der Phytopathologie. Ihr besonderes Streben ist: 
knappe, klare Fassung der Ergebnisse, also Vermeidung jeder 
Weitschweifigkeit in der Darstellung. Die Veröffentlichungen 
erscheinen in deutscher, englischer, italienischer oder franzö-
sischer Sprache mit deutschen und englischen Zusammenfas-
sungen. Für alle auf phytopathologisehem Gebiet tätigen 
Forscher und phytopathologischen Institute f ü r Agrikultur-
chemie, für landwirtschaftliche Versuchs- und Forschungs-
stationen. Pflanzenzüchter, Pflanzenphysiologen und den 
Baumschulfachmann gibt die Zeitschrift wertvolle und unent-
behrliche Anregungen. 
Erscheinungsweise: jährlich etwa 10 12 Hefte in zwangloser Folge, 
4 Hefte bilden einen Band, jedes H e f t umfallt 6 — 7 Druckbogen-
Bezugspreis: je Druckbogen (16 Seiten) etwa DM 5,25. Die Hefte 
werden einzeln berechnet. Das Abonnement verpflichtet zur Ab-
nahme jeweils kompletter Bände. 
V E R L A G P A U L P A R E Y • B E R L I N U N D H A M B U R G 
C A N A D I A N 
J O U R N A L O F SOIL 
S C I E N C E 
The Agricultural institute of Canada, organized in 1920, publishes 
the Canadian Journals of Plant, Animal and Soil Science. 
These journals are devoted to the publication, in English 
and French, of the results of original scientific research 
in the fields of plant, animal and soil science. 
The Canadian Journal of Soil Science is published 3 times yearly, 
these issues making up a volume of some 400 pages a 
year, size 24.7x16.5 cm. 
The publication charge payable by all authors has been reduced 
to $ 25 per printed page; however, free reprints are no 
longer provided. Price quotations for reprints are pro-
vided with the galley proofs, and reprints should be or-
dered when the proofs are returned to the Editorial 
Office. 
Manuscripts for publication and all correspondence should be ad-
dressed to the Editorial Office. Subscriptions are $7 per 
year, including postage; single copies, $ 3.50. 
Editorial Office — Agricultural Institute of Canada 
Suite 907, 151 Slater St., 
Ottawa 4, Ontario. 
The Agricultural Institute of Canada also publishes 
the Agricultural Institute Review, bbmonthly. 
TO KEEP UP-TO-DATE 
with agricultural research on annual field crops, the simplest 
and best method is to consult: 
FIELD CROP 
ABSTRACTS 
A REVIEW ARTICLE AND OVER 500 
ABSTRACTS IN EVERY NUMBER 
For a free specimen copy of this quarterly journal, write to: 
Commonwealth Bureau of Pastures and Field Crops, 
Hurley, Nr. Maidenhead. Berks., England. 
JOURNAL OF 
AGRICULTURE 
Victoria, Australia 
This monthly Journal records the results of the most 
recent research work by the Department of Agriculture's 
scientists on Government research stations and private 
farms. 
Annual subscription: $1-50 
For further information, please write to the Direc-
tor, Department of Agriculture, Melbourne, Victoria, 
Australia 
THE INDIAN JOURNAL OF GENETICS AND PLANT BREEDING 
Official publication of the 
Indian Society of Genetics and Plant Breeding 
Founded in 1941. Contains articles on subjects of interest to plant 
breeders on genetics, cytology, plant breeding methods, biometrical studies, 
crop improvement work in India, Review of knowledge in important fields etc. 
Vol. 30 (1970) contains over 100 research articles, among others on: 
Divergence in relation to geographic origin in a world collection of linseed; 
Genotype X environment interaction in grain sorghum; Fractional diallel 
crosses in linseed; Monosomie analysis in bread wheat ; Stability of strains 
derived from disruptive selection in Brassica; Stability of some high-yielding 
varieties of rice; Genetics of evolutionary change; Inheritance of protein 
content in Pennisetum typhoides ; Genetic analysis of yield, rust resistance etc., 
in bread wheat; Genetic analysis of some exotic X Indian crosses in sorghum; 
Effect of incorporation on Opaque-2 gene on yield and yield components in 
maize composites; Cytogenetic studies of Oryza officinals complex; Develop-
ment of hybrid wheat etc., etc. 
Published three times a year in volumes of about 450 pages. Vol. 31 
appears in 1971. Subscription: Rs. 50 U.S. dollars 8 per year inclusive of 
postage; A few copies of Vol. 17 (2), containing the proceedings on an Inter-
national Symposium on "GENETICS AND PLANT BREEDING IN SOUTH 
YSIA" organised in 1958 in cooperation with UNESCO (Price Rs. 25 or 
dollars 6) are still available. A special number containing the proceedings of 
the Symposium on ' Impact of MENDELISM ON AGRICULTURE, BIO-
LOGY AND MEDICINE' held in February 1965, has been published as Vol. 
26 (A) Price Rs. 30. , or $7. — , postage and packing extra. Another special 
number of the Journal (28A) incorporates the proceedings of a National 
Symposium of "ACCELERATING GENETIC IMPROVEMENT OF INDIA's 
PLANT RESOURCES" Price Rs. 30. or S7. (Postage and packing extra). 
Address all communications on Editorial matters to Prof. S. Ramanujam, 
Editor and on business matters to Secretary/Treasurer, Division of Genetics, 
IARI, New Delhi-12 (India). 
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ANTONOVICS, Janis, a n d BRADSHAW, A. D . (Stirling and Liverpool ) , Evolution in closely adjacent 
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L u c o v , Z., COHEN, S. a n d MOAV, R. (Jerusalem), Effects of low tempera tu re on the somat ic 
instability of a n alien c h r o m o s o m e in Nicotiana tabacum. 
HAYWARD, M. D. (Aberystwyth) , Select ion and survival in Lolium perenne. 
BISHOP, J. A. and HARPER, P. (Liverpool) , Melanism in the moth Gonodontis bidentatb: a cline 
within the Merseyside c o n u r b a t i o n . 
N O T E S A N D C O M M E N T S 
LADIZINSKY, G., C h r o m o s o m e rea r rangement s in the hexapio id oats. 
HULL, P., Notes on D r . Snell's obse rva t ions concerning t h e H —2 locus po lymorph i sm 
R A I C U , P . , VLADESCU, В. BORSAN, 1. a n d STAICU, S . , H e t e r o g e n e i t y o f m i t o c h o n d r i a i n t h e 
interspecific hybr id Mesocricetus newtoni X M. auratus. 
LEES, D. R., The Medionigra p o l y m o r p h i s m of Panaxia dominula. 
JINKS, J. L. and PERKINS, Jean M., Env i ronmen ta l and genotype-envi ronmenta l components of 
variability VII simultaneous p red ic t ion across env i ronments and genera t ions . 
B O O K R E V I E W S 
B O O K S R E C E I V E D 
Annual subscr ip t ion L8 (USA $24) Single part 35s. (USA $6) 
L O N G M A N G R O U P , J O U R N A L S DIVISION, 33 M O N T G O M E R Y 
STREET, E D I N B U R G H EH7 5 T X . Scotland. U .K. 
Publications of the 
AGRICULTURAL 
INSTITUTE OF CANADA 
CANADIAN JOURNAL OF PLANT SCIENCE: published bi-monthly, with an 
annual volume of 700 800 pages. Size 16.5 x 24.5 cm. Subscriptions outside Canada : 
individuals $13.00, institutions $19.50 per year. 
CANADIAN JOURNAL OF SOIL SCIENCE: published three times yearly, with 
an annual volume of over 400 pages. Size 16.5x24.5 cm. Subscriptions outside 
Canada: individuals $7.00, institutions $10.50 per year. 
CANADIAN JOURNAL OF ANIMAL SCIENCE: published three times yearly, 
with an annual volume of some 500 pages. Size 16.5 x 24.5 cm. Subscriptions outside 
Canada: individuals $7.00, institutions $10.50 per year. 
A.1C REVIEW: annual volume of 6 issues, individually paginated. Size 21 x28.5 cm. 
Subscriptions: Canada and British Commonwealth $3.00 per year, elsewhere $3.50. 
THE THREE JOURNALS publish papers, in English or French, presenting original 
research findings related to crops, soils and farm animals and theit products. The 
studies are written by scientists from Canada and abroad, and are reviewed for publi-
cation by respected members of the agricultural research community. The journals 
are distributed in more than 50 countries throughout the world. 
THE A1C REVIEW is concerned with trends in Canadian and world agriculture, 
and is a forum for discussion of topics ranging from international development to 
marketing policies. Designed to be of interest to both professional and layman, 
it recently won an international award on the basis of content and presentation. 
One issue per year is devoted to a topic of current interest. Recent special issues 
have included "Pollution and Canadian Agriculture", and "Careers in Agrology". 
CORRESPONDENCE and orders should be addressed to the individual publication, 
c/o Agricultural Institute of Canada, Suite 907, 151 Slater Street, Ottawa 4, Canada. 
Methods in Plant Pathology with Special 
Reference to Breeding for Disease Resistance 
edited by Z. KIRÁLY contributors to this volume: 
Z. KLEMENT, J . V Ö R Ö S , Z. KIRÁLY, F. S 0 L Y M 0 S 1 
In English Approx. 410 
The book deals with plant patho-
logical methods used in laboratory 
and field experiments. In addition, 
the authors exemplify the most 
important experimental procedures 
on types of plant diseases. The in-
formation is discussed from the 
point of view of the life cycle of pa-
thogens, the cultural methods of 
microorganisms, the methods of ar-
pages — 17 X 25 cm Cloth 
tificial inoculation in greenhouse or 
field experiments, the detection of 
physiologic races of plant pathogens 
and the sources of disease resistance. 
Most of the methods have been used 
in practice and applied to research 
in the laboratories and experimen-
tal stations of the Research Insti-
tute for P lant Protection, Buda-
pest. 
Protein Growth by Plant Breeding 
edited by A. BÁLINT 
In English Approx. 180 
Increasing demand of world popu -
lation for more meat, milk, eggs, 
and plant products of higher pro-
tein content, make it necessary that 
the protein content of the more 
important crops should be increased 
and the ratio of the fundamental 
amino acids, like lysine, tryptophan 
and methionine in proteins, improv-
ed. 
pages — 17x25 cm —- Cloth 
In Hungary, research in this line was 
started as early as 1954 a t the De-
partment of Plant Improvement, 
University of Agricultural Sciences, 
Gödöllő. 
The present volume reports on the 
results and methods elaborated du-
ring the past fifteen years in Hun-
gary-
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Printed in Hungary 
A kiadásér t felel az A k a d é m i a i Kiadó igazga tó ja Műszaki szerkesztő: Farkas S á n d o r 
A k é z i r a t nyomdába érkeze t t : 1970. X. 21. T e r j e d e l e m : 23,75 (A/5) ív , 68. ábra 
71 .70601 Akadémiai N y o m d a , Budapest Fe le lős vezető: Bernát G y ö r g y 
Die Ac ta Agronomica veröffent l ichen agrarwissenschaf t l iche Abhand lungen , b e s o n d e r s 
aus d e m Bere ich der l andwir t schaf t l i chen G r u n d f o r s c h u n g , in engl ischer Sprache. 
Die A c t a Agronomica erscheinen jähr l ich i n e inem Band (4 H e f t e ) . 
Die zur Veröf fen t l i chung b e s t i m m t e n M a n u s k r i p t e sind an f o l g e n d e Adresse zu s enden : 
Acta Agronomica 
Martonvásár, Postafiók 19. 
A b o n n e m e n t s p r e i s p ro B a n d : $ 16.00. 
Bes te l lbar bei d e m Buch- u n d Ze i tungs -Außenhande l s -Un te rnehmen »Kultúra« ( B u d a -
pest I . , F ő u t c a 32. B a n k k o n t o Nr . 43-790-057-181) oder bei se inen Aus l andsve r t r e tungen 
u n d Kommiss ionä ren . 
Les A c t a Agronomica pub l i en t des c o m m u n i c a t i o n s , en l a n g u e anglaise, d a n s le su je t 
de la science agricole, su r tou t du domaine des r e c h e r c h e s f o n d a m e n t a l e s agronomiques . 
Les A c t a Agronomica sont publiés sous f o r m e de fascicules q u i seront r éun i s en un 
volume p a r an . 
On est pr ié d ' envoyer les manuscr i t s des t inés à la rédact ion à l 'adresse s u i v a n t e : 
Acta Agronomica 
Martonvásár, Postafiók 19. 
Le pr ix de l ' a b o n n e m e n t es t de $ 16.00 p a r vo lume . 
On p e u t s ' abonner à l 'En t rep r i se pour le C o m m e r c e Ex té r i eu r de Livres et J o u r n a u x 
«Kultúra» ( B u d a p e s t I . , F ő u t c a 32. C o m p t e - c o u r a n t No. 43-790-057-181) ou à l ' é t r a n g e r 
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Р Е З Ю М Е 
А Н А Т О М И Ч Е С К О Е , У Л Ь Т Р А С Т Р У К Т У Р Н О Е И Ф И З И О Л О Г И Ч Е С К О Е 
И З У Ч Е Н И Е О Д Н О Г О Д И Ч Н О Й Ф О Т О С И Н Т Е З И Р У Ю Щ Е Й К О Р Ы У 
Euonymus europaeus L. 
Й. С У Й К О — Л А С З А , Г . ХОРВАТ, Й . Н А Д Ь , Г. Ф Е К Е Т Е , А. Ф А Л У Д И — Д А Н И Е Л Ь 
Н а основе исследований с помощью светового микроскопа , описана анатомия тка-
ней, содержащих хлоропласты в одногодичной ростковой оси У Euonymus europaeus. 
Используя световой и электронный микроскопы установлено, что эпидермис функциони-
рует к а к феллоген, и создает феллодерму с двумя рядами клеток , которая м о ж е т сохра-
няться в течение 4—5 лет . Первичная к о р а одногодичного побега может быть разделена 
на 4 с л о я . По нашим исследованиям 4 внешних клеточных р я д а первичной коры можно 
принять за зону самой активной фотосинтетической деятельности. В феллодерме, а т а к ж е 
в меристеме первичной к о р ы хлоропласты могут развиваться из пропластов. Зеленые 
пластиды, находящиеся в паренхимных к л е т к а х сердцевины содержат несколько гранул. 
Фотосинтетическая активность коры была подтверждена инкорпорацией СО,
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фотосинтетически связанного С02 пересчитано на содержание хлорофилла, и было оди-
наковым по величине и у коры, и у листа . Сравнение между летним и осенним включе-
ниями СО, показывает, что путь фотосинтетически включенного С0 2 летом я в л я е т с я дру-
гим, чем осенью. 
А Н А Т О М И Я В Е Г Е Т А Т И В Н Ы Х О Р Г А Н О В , Н А К А П Л И В А Ю Щ И Х З А П А С Н Ы Е 
В Е Щ Е С Т В А 
I. К О Р Н И 
Г. С. П А Л И В А Л , А. К . К А В А Т Х Е К А Р 
Изучилась анатомия специализированных корней (видоизмененных д л я накопле-
ния з а п а с н ы х веществ) следующих растений: (1) Brassica гара (2) Discorea bulbifera (3) 
Ipomoea batatas (4) Manihot esculenta (5) Raphanus sativus. Выявлено, ЧТО они (I) имеют 
хорошо развитый перидерм, который оформляется раньше в онтогенезе (когда органы 
только начинают н а к а п л и в а т ь запасные вещества); (II) обладают главным образом 
паренхимными тканями, которые являются самыми подходящими для накопления; ( I I I ) 
показывают относительно слабое развитие сосудистых элементов; (IV) составлены из кле-
ток, богатых эргастическими веществами в форме друзид и рафидов; и в конечном счете 
(V) показывают отсутствие межклеточных пространств в паренхиме. Эти корни хотя и 
выполняют идентичную роль , и имеют одинаковую почвенную схему, имеют пере-
менную организацию, к о т о р а я зависит от того, является ли растение однодольным или 
двудольным. Расположение сосудистых тканей , латексных клеток , слизистых протоков, 
степень образования перидерма, типы и частота крахмальных зерен и эргастических 
веществ, и т. д. очевидно т а к ж е определяются генетическим строением вида. 
Г Е Т Е Р О Г Е Н Н О С Т Ь М И О З И Н А И С П Е К Т Р О Ф Л Ю О Р О М Е Т Р И Ч Е С К О Е 
И З У Ч Е Н И Е ЕГО Х Р О М А Т О Г Р А Ф И Ч Е С К И Х Ф Р А К Ц И Й 
Ш. Ф А З Е К А Ш , В. С Е К Е Ш И - Х Е Р М А Н , И . К А Ш А , И. Х О Р Н Я К 
Работа посвящена гетерогенности миозина и изучению структур его хроматогра-
ф и ч е с к и разделенных фракций, на основе их возбужденного и флюоресцирующего спект-
ров. Методом хроматографии на D E A E целлюлозной колонке миозин разделялся на 4 
б е л к о в ы х и 2—3 липидных фракции, у которых изучалась активность Ca АТР-азы, а 
т а к ж е АМР-дезаминазы, и связь холинестеразы с миозином. Установлено, что все 4 фрак-
ции б е л к о в обладают активностью А Т Р - а з ы , и только фракции I, 1/а и IV имели активность 
холинестеразы. Из всех фракций т о л ь к о II и I I I могут считаться чистым миозином 
п о т о м у , что лишь они имеют активность АТР-азы. Перед хроматографией миозина обра-
б о т к а энзимом не применялась. Активность энзимов в фракциях липида не обнаружена. 
С п е к т р ы поглощения изученных ф р а к ц и й белков и липидов, так ж е к а к и частное Е.,80/ 
Е 2 в 0 , вычисленное из их экстинкций, 280 и 260 mm соответственно были разными. Со-
поставлены и обсуждены возбужденный и флюоресцирующий спектры полученных 
ф р а к ц и й белков. Они доказывают соответствующие составные фракции. Возбужденный 
и флюоресцирующий спектры ф р а к ц и й липидов имеют низкую интенсивность, возможно 
обусловленную белковыми остатками потому, что свежеполученные липиды почти не 
и м е ю т абсорбции, и х спектр плоский и нехарактерный, тогда как максимум и в возбуж-
д е н н о м и флюоресцирующем спектрах переокисленного липида смещался в направлении 
более длинных волн. 
П Е Р В И Ч Н Ы Е А М И Н А Ц И О Н Н Ы Е М Е Х А Н И З М Ы В Н Е П О В Р Е Ж Д Е Н Н Ы Х 
Л И С Т Ь Я Х Ф А С О Л И P I N T O П Р И У В Е Л И Ч Е Н И И У Р О В Н Я Г Л И Ц И Н А 
д ь . ОРОШ 
Отделенные листья растений фасоли Pinto, выращенных на бедной азотом почве, 
б ы л и инфильтрированы раствором K N 0 3 , потом помещены в темное место. Изменения в 
содержании свободного цистеина, л и з и н а , аспарагиновой кислоты аспарагина, глута-
миновой кислоты + глутамина, г л и ц и н а , аланина, тирозина, триптофана, фенилаланина 
+ лейцина + изолейцина, метионина и пролина в образцах определялись методом бу-
м а ж н о й хроматографии. В начальной фазе индуктивного синтеза нитратредуктазного 
э н з и м а наблюдалось общее увеличение аминокислотного уровня. Особенно достоверное 
увеличение проявилось в уровне глицина , аланина и глутаминовой кислоты. Между 
четвертым и шестым часами наблюдалось общее понижение аминокислотного уровня, 
п о всей вероятности благодаря новому метаболическому равновесию, вызванному увели-
чением уровня экзогенного нитрата . Уровень свободной глутаминовой кислоты после-
довательно сохранил свой увеличивающийся характер. Полученные данные подтверждают 
мысль , по которой роль а -кетоглутарата и щавелевого ацетата не я в л я е т с я исключитель-
ной , но их первичная аминация вероятна . В то ж е время первичная аминация может 
б ы т ь демонстрирована и через д р у г и е составные части, к а к напр. пировиноградат и 
ацетил—КоА. Механизм первичной аминации в листьях отличается от аминации в кор-
н я х . Изменения уровней метионина и тирозина м о ж н о считать характерными с точки 
з р е н и я индукции, и нельзя считать — особенно в случае метионина — за продукт пер-
вичного аминационного механизма. 
О П Ы Т Ы СО С Р О К А М И ПОСЕВА К У К У Р У З Ы 
И. И'ШО 
В работе обсуждаются результаты опытов по срокам посева, проведенных с средне-
раннеспелым гибридом Мв 40 ( Ф А О 340) и среднепозднеспелым гибридом Мв 1 (ФАО 
600) на глинистой луговой почве, с 1958 по 1969 гг. Посевы по пятидневкам не дали кри-
вой, которая отклонялась бы к раннему посеву (15 апреля) . По многолетним средним 
на делянках, где растения были посеяны позже (в мае), у р о ж а й среднепозднеспелых 
гибридов понизился сильнее, гто сравнению с ранними сроками (5 мая) , чем у среднеран-
неспелых гибридов (15 мая). Д а н н ы е средних многолетних экспериментов показывают, 
что растения, посеянные месяцем раньше, созревали на 14—15 дней раньше. 
И З У Ч Е Н И Е А Б Н О Р М А Л Ь Н О Г О РОСТА Р А С Т Е Н И Й 
Т. М. В А Р Г Е З Е , Р . Р. ШАРМА 
1. Анатомия опухолей, вызванных насекомыми на вегетативных частьях Prosopis 
spicigera L. 
З а р а ж е н и е насекомыми листовой пластинки и главного черешка у Prosopis 
spicigera L. бывает в р а н н и х фазах развития органов, которые являются н е ж н ы м и в это 
время. Г а л л ы на листьях формируются благодаря гипертрофии и гиперплазии мезофиль-
ной Ткани и медуллярных клеток. Формирование полостей в пластинчатых г а л л а х явля-
ется шизогенным. Г а л л ы главного черешка развиваются благодаря активности проб-
кового камбия одновременно с образованием лизигенной полости. Образование пробкового 
камбия в этом случае рассматривается к а к находящееся в зависимости от продукции не-
которых гормонов, выделяемых ввиду повреждения центральных клеток. Образование 
галлов является полезным только для насекомого, а не д л я растения-хозяина. По всей 
вероятности использование подходящих инсектицидов будет надежным путем контроля 
этих опухолей. 
В Л И Я Н И Е В Р Е М Е Н И И Г Л У Б И Н Ы В Н Е С Е Н И Я АЗОТА НА Р О С Т 
И У Р О Ж А Й РИСА 
Н Г У Е Н В А Н У Е Н 
Потребность растения риса в азоте имеет продолжительный характер. Глубокое 
расположение азота, кроме того, что предотвращает потерю азота из почвы, насыщенной 
водой по механизму Pearsall-Mitsui, т а к ж е удовлетворяет потребность растения риса в 
азоте в более поздний период роста. У р о ж а й увеличился на 20 25% по сравнению с 
методом неглубокого внесения удобрения. 
И З М Е Н Е Н И Е П О Г Л О Щ Е Н И Я Мп К Р А С Н Ы М К Л Е В Е Р О М ПОД Д Е Й С Т В И Е М 
И З В Е С Т К О В А Н И Я 
Д . Д Ь Е Р И , Е. Ч Е Х , И. К Е Р Е С Т Е Ш 
Н а псевдоглинистой лесной почве в полевых опытах и в сосудах изучалось влия-
ние известкования на содержание заменяемого и активного Мп, а также в л и я н и е извест-
кования на содержание Мп в красном к л е в е р е (Trifolium, praten.se), в зависимости от 
величины у р о ж а я сена. Н а основе опытов установлено, что показатель pH почвы тесно 
связан с содержанием активного Мп в почве, и это зависит т а к ж е от величины дозы из-
вести. Между содержанием Мп в красном клевере и величиной у р о ж а я сена найдена связь, 
которую можно выразить уравнением третьей степени, что обозначает: и много и мало 
Мп я в л я е т с я неблагоприятным с точки з р е н и я урожая сена. Чтобы получить оптималь-
ный у р о ж а й , необходимо наличие оптимального содержания Мп в растении и оптималь-
ного содержания активного Мп в почве. Д л я красного клевера известкование с исполь-
зованием малой дозы оказалось более благоприятным, чем с использованием большой 
дозы. Действие известкования можно достоверно проследить путем изучения содержания 
активного Мп в почве. 
И З У Ч Е Н И Е В Л И Я Н И Я М И Н Е Р А Л Ь Н О Г О У Д О Б Р Е Н И Я НА П И В О В А Р Е Н Н О Е 
КАЧЕСТВО Я Ч М Е Н Я НА О С Н О В Е К О М П Л Е К С Н О Г О П О К А З А Т Е Л Я 
П И В О В А Р Е Н Н О Г О К А Ч Е С Т В А 
Э. П О Л Л ХАМ Е Р 
По сравнению с необработанным контролем пивоваренное качество озимого и 
я р о в о г о ячменя с и л ь н о ухудшилось вследствие применения азотной подкормки. Дозы 
К в значительной мере улучивши пивоваренное качество,] уравновешенные дозы N P K 
по сравнению с дозами N улучшили пивоваренное качество, но не могли вполне уравно-
весить ухудшающее влияние доз N. Комплексные показатели пивоваренных качеств яч-
м е н я д а ж е в случае минимальных изменений качественных компонентов сигнализирую! 
о значительных р а з л и ч и я х в качестве при обработках минеральными удобрениями. 
З н а ч и т , эти показатели пригодны и д л я выявления качественных изменений, вызванных 
й а з н ы м и обработками минеральными удобрениями. 
Э Ф Ф Е К Т И В Н О С Т Ь Г А М М А - О Б Л У Ч Е Н И Я Я Ч М Е Н Я НА Р А З Н Ы Х СТАДИЯХ 
Р А З В И Т И Я 
Й. ШУТКА 
Н а гамма-поле в Гёделе облучался сорт я р о в о г о ячменя M F B - - 1 0 4 на разных 
с т а д и я х развития ( к у щ е н и я , выход в трубку , мейоз, эмбриогенез). В год облучения (М, 
поколение) уменьшились высота растений, озерненность и вес зерна, в то время как кустис-
тось — увеличилась. В период мейоза растения были наиболее чувствительными к ра-
д и а ц и и , тогда как облученные на стадии эмбриогенеза они не изменялись в М3 поколении 
и д а ж е в М2 могли наблюдаться т о л ь к о незначительные отклонения. В М2 поколении 
растений , облученных дозой 1944 R на стадии к у щ е н и я , частота появления мутантов 
составила 2,61 процента . Поколение М 3 оценивалось на оснозании хлорофильного теста. 
С увеличением дозы облучения изменяется частота мутаций . Сравнение мутабильности 
но ф а з а м развития показывает, что наивысшая частота мутаций вызвана облучением во 
время мейоза и эмбриогенеза. Гамма-облучение растений на стадии кущения вызывает 
менее заметные хлорофильные мутации, однако когда была определена частота мутиро-
в а н и я , значение последней оказалось близким к темпам появления мутаций при обработке 
в д р у г и х фазах развития . Частота п о я в л е н и я мутантов в 7,17 процента, полученная при 
облучении растений в фазу эмбриогенеза, является фактически завышенной, так к а к 
м у т а н т ы , возникшие в фазу многоклеточных эмбрнонов, не могли быть отличимыми при 
примененном методе от других, возникших в одноклеточных эмбрионах. Облучение в 
р а з н ы х фазах развития изменяет т а к ж е и спектр хлорофильных мутаций, хотя точных 
зависимостей не установлено. 
В Л И Я Н И Е Ф А К Т О Р О В П Р О Д У К Т И В Н О С Т И Н А У Р О Ж А Й З Е Р Н А , А Т А К Ж Е 
НА Э Л Е М Е Н Т Ы С Т Р У К Т У Р Ы У Р О Ж А Я СОРТОВ П Ш Е Н И Ц Ы 
В П О Л И Ф А К Т О Р И А Л Ь Н Ы Х Э К С П Е Р И М Е Н Т А Х 
А. КОЛТАИ 
В полифакторнальных экспериментах, проводившихся в течение т р е х последова-
т е л ь н ы х лет, изучались факторы, определяющие у р о ж а й пшеницы, а т а к ж е их взаимоот-
н о ш е н и я . Эксперименты проводились п р и фракционных повторениях; в 81 главной де-
л я н к е , расположенных в 9 блоках изучались три в а р и а н т а обработки земли, глубины 
з а д е л к и семян, густоты стояния и времени посева, с к а ж д ы м из трех изучаемых сортов 
в то время как внутри 81 главной д е л я н к и на 729 подделянках (расположенных по схеме 
расщепленных делянок) сравнивались 9 комбинаций, состоящих из т р е х разных доз и 
времени внесения азотного удобрения. В работе описываются условия и методика серий 
экспериментов, и д а ю т с я простые и бифакториальные анализы основных данных об 
у р о ж а е зерна, компактности колоса, продуктивности колоса и абсолютном весе семян, 
« а т а к ж е достоверность результатов экспериментов. На основании трехлетних средних 
видно, что изученные факторы в л и я л и на у р о ж а й в следующей последовательности: 
азотное удобрение, сорт, время посева, обработка почвы, глубина заделки семян, густота 
стояния и время внесения азота. 
Н А С Л Е Д У Е М О С Т Ь С К О Р О С П Е Л О С Т И , А Т А К Ж Е В Ы С О Т Ы Р А С Т Е Н И Й 
Г О Р Н О Г О Д Ж У Т А П Р И Д И А Л Л Е Л Ь Н О М С К Р Е Щ И В А Н И И , В К Л Ю Ч А В Ш Е М 
12 С О Р Т О В 
М. А. Р А Х М А Н , А. М. ЭУНУС 
Используя данные F j изучалась наследуемость скороспелости и высоты растений 
у Corchorus olitorius при диаллельном скрещивании, включавшем 12 сортов. П о скоро-
спелости сорта Ц. Г., 0—5, Desimasua, 0—753, Chinese olitorius и P—26 показали на-
личие в большинстве случаев рецессивных генов, в то время, к а к сорта: 0—632 , О—6Е, 
Wild olitorius-Assam и olitorius-Coembator имели доминантные гены. По высоте рас-
тений сорта: 0— 632, О—6Е, Wild olitorius-Assam, oíiíorius-Coembator, и д и к и й д ж у т 
Chi t tagong содержали больше доминантных генов, а Ц. Г., О—753, 0— 5, Desima-
sua и Р—26 имели больше рецессивных генов. В общем наблюдалось, что скоро-
спелость и высота растений контролируется и доминантными, и рецессивными генами. 
В то время, как доминантные и рецессивные гены одинаково контролировали высоту 
растений, в наследовании скороспелости доминантные гены и г р а л и более заметную роль, 
чем рецессивные. Установлено, что 5 доминантных эффективных факторов контролируют 
скороспелость, в то время к а к 18 и 21 доминантных факторов включались в регулиро-
вание высоты растений. Трансгрессивное расщепление по высоте растений оказалось 
равным 9, где дикий д ж у т был насыщающим родителем, и по скороспелости — 2, 3, 6 и 8, 
где насыщающими родителями были Ц. Г., О—753, Chinese olitorius и Р—26. Насле-
дуемость по скороспелости была равна 53% в диаллельном скрещивании с 12 сортами, 
и 6 6 % с 9 сортами, а по высоте растений она была равна 21 % в диаллельном скрещивании 
с 12 сортами и 35% с 8 сортами. 
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D E P A R T M E N T OF A P P L I E D BOTANY AND 
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T h e p resen t p a p e r descr ibes t h e l i gh t microscopic a n a t o m y of t issues c o n t a i n i n g 
c h l o r o p l a s t in t he o n e - y e a r old shoo t axis of Euonymus europaeus. I n l ight- a n d e l ec t ron 
m i c r o s c o p i c s tud ies t h e ep ide rmis was f o u n d t o func t ion as a phellogen p r o d u c i n g 
a t w o cell-row p h e l l o d e r m w h i c h m a y s u r v i v e f o r even four or f i v e years . In t h e p r i m a r y 
c o r t e x of a one -yea r old shoo t f o u r l a y e r s c a n be d i f f e r e n t i a t e d . Our i n v e s t i g a t i o n s 
s u g g e s t t h a t t he e x t e r n a l f o u r cell r ows of t h e p r ima ry c o r t e x can be c o n s i d e r e d t he 
m o s t a c t i ve p h o t o s y n t h e t i c zone. I n t h e p h e l l o d e r m , and in t h e dividing cells of t h e 
p r i m a r y cor tex r e spec t i ve ly , t h e c h l o r o p l a s t s m a y deve lop f r o m p r o p l a s t s . Green 
p l a s t i d s f o u n d in t h e p a r e n c h y m a cells of t h e pi th con t a in s o m e grana . T h e p h o t o -
s y n t h e t i c ac t iv i ty of t h e b a r k was s h o w n b y incorpora ted 1 4 C 0 2 . T h e a m o u n t of p h o t o -
s y n t h e t i c a l l y b o u n d C O , r e l a t ed t o t h e ch lo rophy l l c o n t e n t is of the s a m e o r d e r of 
m a g n i t u d e b o t h in t h e b a r k a n d t h e l ea f . A compar ison of t h e CO, i n c o r p o r a t e d in 
s u m m e r a n d a u t u m n re spec t ive ly , shows t h a t t h e summer p r o d u c t s of p h o t o s y n t h e t i c a l 
i n c o r p o r a t e d C 0 2 d i f f e r f r o m i ts a u t u m n p r o d u c t s . 
Introduction 
It has been known for a long time that the external parenchymatic 
tissues of lignifying shoot axes are green as they contain chloroplasts. (Relevant 
literary review by S Z U J K Ó - L A C Z A - F E K E T E F A L U D I - D Á N I E L 1 9 7 0 . ) In the 
case of some trees the seasonal changes of the chloroplasts in the axes have also 
been studied by a light microscope ( A L E X A N D R O V - S A V C H E N K O 1 9 5 0 ) . As to 
their activity, however, there had only been hypotheses until S C H A E D L E — 
I A N N A C C O N E F O O T E ( 1 9 6 8 ) pointed out that they are able to carry out the 
Hill-reaction, therefore they are pliotochemically active. 
In the framework of the I B P — P P section the authors have been making 
observations for several years in various species (Fraxinus ornus, Quercus 
pubescens etc.) taking some ecological relations of the metabolic functions of 
certain tissues in the lignifying shoot axes in consideration. During their work 
they performed light microscopic studies on all the tissues of the shoot axes 
(phelloderm, primary cortex, medullary ray, pith) that contained green plastids, 
assessed the approximate distribution of the chloroplasts, determined the 
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chlorophyll content of each tissue zone, and in certain species measured the 
light transmission in the phellom. The results of the investigations were pub-
lished in a paper ( S Z U J K Ó - L A C Z A F E K E T E F A L U D I - D Á N I E L 1970). 
Further observations showed the shoot axis of Euonymus europaeus 
especially rich in chloroplasts and containing a great number of green chloro-
plasts even in the pith. (Beside its conspicuously rich chloroplast content this 
species differs from those examined earlier in that its medullary rays extend as 
far as the phloem fibers blocking the stele, and enter the primary cortex only 
sporadically.) Euonymus was considered the most suitable plant for providing 
information about the organization and ultrastructure of the chloroplasts in 
the different tissue zones as well as with the aid of 1 4C02 incorporated on 
photosynthetic activity. 
The present study is an attempt at approaching the above problem on the 
basis of light- and electron microscopic observations, chlorophyll content 
determination and 14C02 incorporation. 
Material and Method 
For t he p u r p o s e s of l ight m i c r o s c o p e s tudies c ross - , t a n g e n t i a l - a n d radial l o n g i t u d i n a l 
s ec t i ons were m a d e of freshly c o l l e c t e d one-year o ld s h o o t axes of Euonymus europaeus e a c h 
s e a s o n . For t h e p u r p o s e of c o m p a r i s o n and in o r d e r t o s t u d y t he e v o l u t i o n of t he d i f f e r e n t 
t i s s u e zones, in a d d i t i o n to o n e - y e a r o l d shoot axes, t w o - , three- , f o u r - a n d f ive-year old s h o o t s 
w e r e examined a s wel l . 
In the e l e c t r o n microscopic e x a m i n a t i o n s s a m p l e s t a k e n f r o m f u l l y developed l e a v e s 
a n d one- and t w o - y e a r old shoo t a x e s in the s u m m e r , a u t u m n a n d win te r per iods w e r e 
u s e d . The e lec t ron microscopic r e s u l t s a r e based on t h e samples t a k e n in J u l y . The m a t e r i a l 
w a s f ixed in K M n 0 4 a n d e m b e d d e d in du rcupan . U r a n y l a c e t a t e a n d l e a d c i t ra te were u s e d 
a s con t r a s t m a t e r i a l s . The e lec t ron mic rog raphs w e r e m a d e by an e l e c t r o n microscope t y p e 
K E M - I (GDR). 
For the p u r p o s e of d e t e r m i n i n g t h e p h o t o s y n t h e t i c ac t iv i ty of t h e chloroplas ts f o u n d 
i n t h e bark* a n d l e a v e s of Euonymus a s well as of Fraxinus ornus a n d Quercus pubescens u s e d 
f o r comparison, t h e incorpora t ion of 1 4 C 0 2 was s t u d i e d . Ass imi la t ion t o o k place in a n a t m o s -
p h e r e containing 1 4 C 0 2 , with a r t i f i c i a l i l luminat ion (10 .000 lux) a n d in t h e dark (0 l u x ) r e -
spec t ive ly . The a t m o s p h e r e had a CO» con ten t of 0 .25 p e r c e n t and a spec i f i c ac t iv i t y of 0 .4 
m C / m mol. Before t h e one-hour a s s i m i l a t i o n the a t m o s p h e r e was e q u i l i b r a t e d for 30 m i n u t e s 
i n d a r k n e s s in o r d e r t o ensure a u n i f o r m dis t r ibut ion of t h e released 1 4 C 0 2 in t he sys t em. A f t e r 
t h e assimilat ion l e a f a n d ba rk f r a c t i o n s were smeared w i t h 96 pe rcen t a lcoho l , the low m o l e c -
u l a r weight c o m p o n e n t s were e x t r a c t e d wi th an a l c o h o l series of 96, 70 , 50 and 20 pe r c e n t 
a n d dr ied at r o o m t e m p e r a t u r e . R a d i o a c t i v i t y in t h e k n o w n q u a n t i t i e s of t h e residue ( w h i c h 
c o n t a i n e d the h igh m o l e c u l a r we igh t s u b s t a n c e s ) a n d t h e a lcohol soluble f r a c t i o n was m e a s u r e d 
w i t h a GM-tube of 10 mg/cm 2 w i n d o w th ickness (of 13 p e r cent p o t e n c e ) , a n d the resul t s w e r e 
c a l c u l a t e d for nrnol CO„/g fresh w e i g h t . I n the p h o t o m e t r i c d e t e r m i n a t i o n of the c h l o r o p h y l l 
c o m p o n e n t s in t h e l e a v e s an ace ton ic (c f . ARNON 1949) whi le of t hose in t h e ba rk an e t h e r i c 
s o l u t i o n was u s e d (ZSCHEILE — COMAR 1 9 4 1 ) . 
* In phys io log ica l s tudies t he t e r m b a r k is used t o m e a n b o t h t h e c o r t e x and p h e l l o d e r m 
t o g e t h e r . 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
A N A T O M I C A L S T U D I E S 249 
Results 
The epidermis cells of the one-year old lignifying shoot axes of Euonymus 
europaeus are covered by a thick transparent cuticle. The epidermal cells are 
cone-shaped (in cross section), and have stomata with subsidiary cells between 
them. The epidermal cells maintaining or regaining their meristematic character 
St 
Fig. 1. Schemat ic cross section of a one-year-old la te ra l shoot of Euonymus europaeus. D r a w n 
by Zs. B u n k e 
may divide either by anticlinal or by periclinal walls. In the former case they 
follow the growth of the stele, while in the latter case they function mono-
pleurically and produce exclusively phellodermal cells inwardly (Fig. 5). After 
a gradual transformation the one- or two-rowed phellodermal cells become per-
manent. Permanent phellodermal cells are characterized by a low cytoplasm 
content and large vacuoles. Phelloderm formation can he observed as early as 
in the 2 3 month-old lateral shoots, and the two-cell-row phelloderm, together 
with the epidermis, can be found even in 4 5-year-old shoots. The epidermal 
cells that function as a phellogen have enormous nuclei, the cytoplasm is 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
2 5 0 J . S Z U J K Ó - L A C Z A et al. 
extremely rich in organeis (ER, M) (Fig. 7). The young phellodermal cell dif-
ferentiated from it is less electron dense than the epidermis (Fig. 5), the giant 
nucleus with the nucleole and the cytoplasm rich in ER are well definable in it 
Fig. 2. A n a t o m y of Euonymus europaeus e p i d e r m i s , phe l lode rm a n d p r i m a r y co r t ex . D r a w n 
by Zs. B u n k e 
(Fig. 8). The decidedly meristematic character of the phellogen and the young 
phellodermal cells — in which they differ f rom the permanent epidermal cells — 
proves that it is not a multicell-row epidermis that covers the shoot, as stated 
by H O L L E N D O N N E R ( 1 9 0 7 ) , and there is no cylinder of collenchyma under the 
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epidermis as suggested by M C N A I R (1930). The phellogen function of the 
epidermis is independent of the cork cambium under the cork wings, and devel-
ops earlier, in contradiction to Hollendonner's statement. 
Fig.' 3. Cross section of an Euonymus europaeus shoot axis, f r om t h e epidermis to t h e p h l o e m 
fiber. Magn i f i ed : 420 X 
Fig. 4. Tangen t i a l longi tud ina l section of an Euonymus europaeus shoo t axis f rom t h e ep idermis 
t o t h e phloem f ibe r . Magnified: 420 X 
In the plasm lining along the walls of the developed phellodermal cells a 
few chloroplasts developed from the proplasts can be found (Fig. 9). Differen-
tiation of the proplast starts soon af ter the phelloderm has developed and the 
cell is still rich in cytoplasm (Fig. 8). 
The primary cortex between the phelloderm and the stele consist of cells 
of different shape and chloroplast content. According to the arrangement of 
the cells the primary cortex can be divided into several layers (Figs 3—4). 
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Fig. 5. Epidermis a n d external zone of pr imary cor t ex , cross section. E M 3000 X S y m b o l s : 
с = chloroplast, cl = chloroplast l ame l l a , cu = cut ic le , civ = cell wall , e = epidermal cell 
ER = endoplasmic ret iculum, g = g r a n u m , i = in terce l lu lar space, n = nucleus, no = n u -
cleolus, p = proplast, ph = phellodermal cell, s = starch, v = vacuole 
Fig. 6. E x t e r n a l zone of p r i m a r y cortex, cross section. EM 3000 X 
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Fig. 7. E p i d e r m a l cell f unc t ion ing as phellogen. E M 9000 X 
Fig. 8. Young phel lodermal cell w i th proplastids. E M 15000 x 
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Under the phelloderm there can be found a 60 p thick intensely green layer 
consisting of four cell rows. (Data refer to lateral shoot axes of 1400 p radius.) 
In this layer of the primary cortex (Fig. 2, layer 1) typical parenchyma cells 
are found with intercellular spaces here and there. The cells contain many 
cliloroplasts. The parenchyma cells of this layer as they follow the growth of 
t he stele — divide at random first of all by radial walls (Figs 5 and 6); 
Fig. 9. Young and deve loped phel lodermal cells. EM 3000 X 
t he adjacent cells may therefore be different in size and age. The young, re-
cently developed chlorenchyma cells are rich in cytoplasm and the numerous 
cliloroplasts in them are regarding their ultrastructure, size and shape 
similar to those contained in Euonymus leaves. The grana of the chloroplasts 
are conspicuously thick (Fig. 10). The chlorenchyma cells could not be observed 
by the electron microscope in thei r actual phase of division, it is therefore un-
certain, whether it is then tha t their chloroplasts divide. Nevertheless, it has 
been observed t h a t in the young chlorenchyma cells proplasts occur in great 
numbers beside the developed chloroplasts, it is therefore supposed that in 
newly formed cells the proplasts may develop into chloroplasts (Fig. 11). When 
t h e chlorenchyma cells have become permanent they have got large vacuoles 
and the cytoplasm with the chloroplasts retreats to the cell wall which, at the 
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same time involves the structural modification of the chloroplasts as well. The 
chloroplasts elongate in the direction of the cell wall, their lamellae hecome, more 
or less parallel with the cell wall. 
In the primary cortex a 100 g thick, 6 7 cell row layer follows the first 
layer in the direction of the stele (Fig. 2, layer 2). In the second layer the cells 
are tangentially highly elongated, and the occurrence of cells dividing by the 
Fig. 10. Chloroplasts in t he ex te rna l (1) layer of t h e primary co r t ex . EM 9000 X 
radial walls is less frequent. The cell walls are covered with bordered pits, and 
the thin cytoplasm lining contains less chloroplasts. Here too, the chloro-
plasts are of granal structure and contain a conspicuously high amount of 
starch (Fig. 12). When advancing adaxially we get to the third layer which 
consists of two cell rows (Fig. 2). The cells have the shape of a tangentially elon-
gated trapezoid, the cell walls are thin. This layer very rarely contains chloro-
plasts. 
The fourth layer adjacent to the stele contains two rows of extremely large 
parenchyma cells in which few chloroplasts and a rich starch content can be 
found. At the end of the vegetative period the second and fourth layers of the 
primary cortex contain much starch, while the first layer contains less starch; 
the third layer is free of starch. In 4 5-year-old lignifying shoot axes no in-
10 
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crease in the number of cell rows in the primary cortex has been found com-
pared to one-year old shoot axes. In older shoots cells in the first layer too 
elongate gradually, in a tangential direction. Later the layers cannot be clearly 
defined. 
Fig. 11. Young chlorenchyma cells w i t h proplastids. EM 6000 X 
Fig. 12. D e v e l o p e d chlorenchyma cell with c y t o p l a s m along t he cell wall and ch lo rop la s t s 
f i l led with s t a rch . E M 4500 X 
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Fig. 13. Chloroplasts of p i t h with g rana a n d starch. EM 6000 X 
Fig. 14. Chloroplast f rom Chloroan Euonymus europaeus leaf. E M 15000 X 
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In the primary cortex collenchymatic cell groups can be found at four 
places. Collenchyma and cork wings have been dealt with in detail by v. 
HÖHJVEL ( 1 8 7 8 ) a n d H O L L E N D O N N E R ( 1 9 0 7 ) . 
Since it is the tissue zones containing chloroplasts that have been pri-
marily studied, only the cells of the medullary ray from the stele are dealt with 
here. The stele of the species was described by M E T C A L F - C H A L K ( 1 9 6 5 ) and 
G R E G U S S ( 1 9 6 9 ) . The one-cell-row wide and many-cell-row high medullary ray 
cells run from the phloem fiber ring to the external layer of the pith t ha t is, to 
the perimedullary zone. The medullary ray cells are brick shaped with bordered 
pits on the cell walls. They contain a considerable amount of green plastids, 
and from autumn on are rich in starch as well. 
The parenchyma cells composing the pith also contain green plastids. 
The external layer of the pith, the perimedullary zone consists of isodiametrical 
or slightly elongated cells with relatively small diameters. Toward the centre 
of the pith the cells gradually grow in size. The electron microscopic examina-
tion of the pale green plastids of the pith reveals tha t they considerably differ 
from chloroplasts occurring in the leaf and primary cortex. They are only two 
thirds the size of the leaf chloroplasts and contain b u t a few lamellae, one or 
two grana and a great amount of starch (Fig. 13). 
As the chloroplasts of the bark have a similar structure to those of the 
leaf, they are supposed to be able to perform the same functions. After a 
quantitative demonstration of the chlorophyll content in the hark and leaf 
(Table 2), the incorporation of 14C02 was studied with the method described in 
"Materials and Methods" in order to prove the photosynthetic activity of the 
chloroplasts. With a view to comparison, in addition to Euonymus europaeus, 
Fraxinus ornus and Quercus pubescens were also tested (Table 1). 
T a b l e 1 
Comparison of photosynthetic activity in bark- and leaf chloroplasts 
nmol C 0 2 / g f resh weight Photosynthe t ica l ly bound 
Material CO. 
dark 
Euonymus l ea f 
b a r k 
62 
186 
17,700 
3,010 
9,020 
5,100 
Quercus l eaf 
b a r k 
76 11,900 
114 1,170 
3,280 
4,820 
4 
Fraxinus l eaf 
b a r k 
192 
77 
34,700 
1,700 
12,800 
15,100 
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Table 1 shows C 0 2 incorpora t ion in the leaf and ba rk ; d a t a are means of 
J u l y and October . In l ight t h e e x t e n t of CO., incorpora t ion is h igher b y 2 orders 
in t h e leaf, and b y 1 order in t h e b a r k t h a n t h e da rk f ixa t ion . The a m o u n t of 
pho tosyn the t i ca l ly bound CO., re fer red to t h e chlorophyl l con t en t is of the same 
o r d e r in both t h e leaf and b a r k . In the case of Euonymus europaeus C 0 2 as 
r e l a t e d to chlorophyll con ten t was b o u n d to a lower ex ten t in t h e bark t h a n in 
t h e leaf, while in Fraxinus and Quercus it was t h e o ther w a y round . 
The C 0 2 i ncorpora t ing abi l i ty of the b a r k in summer and a u t u m n re-
spect ively , was also examined . W h e n compar ing t h e da ta (Table 2) no consider-
ab le difference in t h e p h o t o s y n t h e t i c ac t iv i ty was found . According to t h e 
observa t ions , in t h e case of Euonymus C 0 2 i ncorpora t ion in t h e compound of 
h igh molecular we igh t was lower in a u t u m n t h a n in summer . Similar resul ts 
were obtained w i t h t h e o the r two species too. 
In light- a n d electron microscopic s tudies it was found t h a t while chloro-
p l a s t s occurred everywhere in t h e b a r k , the ones hav ing u l t r a s t ruc tu re s s imilar 
t o t hose in the leaf chloroplasts were found ma in ly in the t h i rd and fou r th cell 
rows following t h e phel loderm. T h e electron microscopic p ic tu re obta ined sug-
ges ts , t h a t the chloroplas ts in these few cell rows are pr imar i ly responsible fo r 
C 0 2 incorpora t ion in the ba rk . T h e s t ruc tu re a n d assimilat ion s tarch con t en t 
of t h e chloroplasts in t h e inner layers of the b a r k do no t exclude, in principle, 
t h e possibili ty of a cer ta in e x t e n t of pho tosyn thes i s , however , t he r e is no ac tua l 
physiological s t u d y now in progress to suppor t th i s theory . 
Plast ids f o u n d in the medul la — as it h a s been men t ioned — conta in 
v e r y large s ta rch grains which suggests f i rs t of all their s tor ing charac ter . On 
t h e basis of the green colour and chlorophyll c o n t e n t of t h e plas t ids and t h e 
Table 2 
Seasonal changes in the direction of CO., incorporation in the bark 
Material Month 
chl a + 6 14C in high molecular 
weight compounds 
% g fresh weight 
Euonymus J u l y 5 6 1 6 . 6 
October 2 5 7 2 . 0 
Quercus J u l y 1 6 1 2 5 . 6 
October 2 4 6 5 . 8 
Fraxinus J u l y 6 7 1 5 . 7 
October 8 3 6 . 9 
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granu les found t hough in a low n u m b e r in t h e m , it can be imagined 
t h a t t h e y may h a v e some f u n c t i o n re la ted to pho tosyn thes i s . 
T h e re la t ively low CO., incorpora t ion of Euonymus ba rk c o m p a r e d wi th 
t h e leaf suggests t h a t , beside t h e high chlorophyll c o n t e n t , t he ra te of C 0 2 dif-
fus ion or ana tomica l l imit ing f ac to r s (e.g. few and na r row intercel lular spaces, a 
low n u m b e r of s t o m a t a and lent icel lae, C 0 2 t ransmiss ion of t h e epidermis 
a n d phe l loderm cell-wall th ickness , concent ra t ion of t h e cy top lasm a n d other 
res i s t ance fac tors) m a y become d o m i n a n t . 
A compar ison be tween C 0 2 incorpora t ion in s u m m e r and a u t u m n shows 
t h a t t h e summer p roduc t s of pho tosyn the t i ca l ly incorpora ted CO, are dif-
f e r e n t f r o m its a u t u m n produc ts . N a m e l y , in summer CO, incorpora t ion in the 
c o m p o u n d s of high molecular weight was considerably grea te r t han in a u t u m n . 
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ANATOMY OF VEGETATIVE FOOD STORAGE ORGANS 
I . R O O T S 
By 
G . S . P A L I W A L , A . K . K A V A T H E K A R 
D E P A R T M E N T OF B O T A N Y , U N I V E R S I T Y O F D E L H I . D E L H I - 7 
The a n a t o m y of specialized roots (modi f ied for the purpose of food s torage) 
of t he following p lan t s has been inves t iga ted : (1) Brassica rapa (2) Discorea bulbifera 
(3) Ipomoea batatas (4) Manihot esculenta (5) Raphanus sativus. I t has been seen t h a t 
t hey : (i) h a v e a well-developed per iderm which arises earlier in on togeny (when t he 
organs have j u s t s ta r ted to s tore food mater ia l ) ; (ii) possess most ly p a r e n c h y m a t o u s 
t issue, which is mos t suited for s torage ; (iii) exhib i t a relat ively poor deve lopment 
of vascular e l e m e n t s ; (iv) are composed of cells r ich in ergastic subs tances in t he fo rm 
of druses and r aph ides ; and f ina l ly , (v) show absence of intercel lular spaces in t he 
pa r enchyma . These roots, a l t hough t h e y p e r f o r m an identical func t ion a n d possess 
an uniform g r o u n d plan, have var iab le organiza t ion depending u p o n w h e t h e r t h e p lan t 
is a dicot or a monocot . The a r r a n g e m e n t of vascu la r tissues, la tex cells, mucilage 
duc ts , the e x t e n t of periderm f o r m a t i o n , the t y p e s and f requency of s t a r ch grains a n d 
ergastic subs tances , etc. also a p p e a r to be d e t e r m i n e d by the genetic m a k e u p of t he 
species. 
In t roduct ion 
T h e angiospermous p lan ts p r o p a g a t e f r o m one genera t ion to t h e o the r 
e i the r b y seeds or b y some vege ta t ive organs such as s tems, roots , or even leaves. 
W h a t e v e r be t h e m o d e of reproduc t ion , all t h e p a r e n t p lan t s s tore some food 
to be used by t h e n e x t generat ion in i ts early s tages of deve lopment . T h u s it is 
clear t h a t all seeds and pe renna t ing roots and shoots store food mate r i a l in 
some f o r m or o t h e r . The inheren t quest ion is why the p lan t s h a v e selected 
only th is kind of o rgans for this pu rpose and w h a t is unique a b o u t the i r s t ruc-
t u r a l o rgan iza t ion? Another po in t wor thy of considerat ion is whe the r the 
s t r u c t u r e of all t h e food storing organs (in d i f fe ren t plants) is t h e same in view 
of a similar f u n c t i o n being pe r fo rmed by t h e m or is it control led genet ica l ly? 
The s ignif icant cont r ibut ions in this r egard are those of H A Y W A R D ( 1 9 3 8 ) , 
A R T S C H W A G E R ( 1 9 2 4 , 1 9 2 6 ) , E S A U ( 1 9 4 0 ) , and a few others . I t is, however , well 
recognized t h a t t h e n u m b e r of p l an t s s tudied f r o m th is po in t of v iew is m u c h 
fewer t h a n those ac tua l ly known to possess these f ea tu res . In order t o answer 
some of these ques t ions studies h a v e been u n d e r t a k e n to u n d e r s t a n d t h e organi-
za t ion and in te rna l s t ruc ture of var ious food s torage organs, expecial ly those 
of t h e common angiospermous t a x a . The f i r s t art icle in the series deals wi th 
roots . 
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Material and Method 
Five p lants , r epresen t ing four famil ies have been chosen for this s t u d y . These are: 
S. N o . N a m e of p lant Family English 
Vernacu t r 
(Hindi) 
n a m e 
1 Brassica rapa Linn  Brassicaceae Turn ip Shalgam 
2 Dioscoreae bulhifera Linn  Dioscoreaceae Dioscorea R a t a l u 
3 Ipomoea batatas (Linn.) Lamk . Convolvulaceae Sweet po ta to Shaka rkand i 
4 Manihot esculenta Cranta  Euphorbiaceae Tapioca Cassava 
5 Raphanus sativus Linn  Brassicacaceae Radish Muli 
The specimens, in t h e form of vegetables , were ob ta ined f rom the local m a r k e t . Manihot 
esculenta roots were collected and f ixed earlier f rom a p l an t growing at t he D e p a r t m e n t a l 
G a r d e n . Half of the f r e sh mater ia l in each case was f ixed in F A A for 24 hours a n d s tored in 
70 p e r c e n t ethyl alcohol. T h e other half was kep t in a f r igidaire un t i l it was sect ioned. Sect ions 
were c u t (bo th t r ansverse and longi tudinal) wi th the help of a sliding wood mic ro tome . As f a r 
as possible complete sect ions were a imed, b u t m a n y t imes, due to the large vo lume of t h e speci-
mens , t h e la t ter were c u t in to pieces. T h e section th ickness var ied f rom 26 to 40 p , depend ing 
u p o n t he t ex tu re of t he mate r ia l . I t was, there fore , f ixed in F A A for 24 hours a n d d e h y d r a t e d 
in e t h y l alcohol-xylol-series. Later it was sect ioned wi th a r o t a r y micro tome a t 10 ft. 
T h e sections were invar iab ly killed in 70 percent e thy l alcohol, and s ta ined wi th safra-
nin , dehydra ted and m o u n t e d in canada ba l sam. In general t h e y did not s ta in suff ic ient ly 
well w i t h safranin owing to the lack of l ignified pa r t s . T h u s some of the sections were not 
coun te r s t a ined with f a s t green at all. 
Results 
1. Brassica rapa L. 
The root and some par t s of t h e hypoco ty l , which are unde rg round , con-
s t i t u t e the succulent por t ion of t h e p lan t which is ea ten as a vegetable . The 
edible pa r t is a modi f ica t ion of t h e p r imary t a p root sys tem. I t is general ly 
spher ical and usua l ly t apers a b r u p t l y (napi form) . 
The p r imary roo t lias a diarch pro tos te le (Fig. 20). The dis t inct ion be tween 
pro to- and m e t a x y l e m elements is d i f f icu l t , as a lmost all the vessels are of uni-
f o r m size and occur in rows. Each vessel is su r rounded by p a r e n c h y m a cells of 
va r i ab l e shapes (Fig. 2). The p i th p a r e n c h y m a is somewha t e longated and s t re tc -
hed . A few isolated xy lem s t rands occur in the region of the p i th and also in 
t h e ou te r cortex. T h e phloem is v e r y scan ty . The cor tex is large and p a r e n c h y m -
a tous , separa t ing t h e xylem s t r a n d s wide a p a r t . The outer cor tex is m a d e up 
of large elongated cells which are over lapping . This region is rich in t racheida l 
e lements sca t tered in groups of 2 7 or even more . The outer cort ical cells are 
rich in s tarch grains , t h e la t te r h a v i n g a p r o m i n e n t h i lum and being rounded 
(Fig. 10). The cor t ical layers, occurr ing j u s t below t h e epidermis bea r large 
r aph ides (Fig. 11). 
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Fig. 1. Ipomoea batatas, an i so la ted vascular b u n d l e showing large vessels, m e t a x y l e m in the 
centre and t h e pro toxylem on t he edges; x y l e m is surrounded b y ph loem and p a r e n c h y m a . 
X 400 
Fig. 2. Brassica rapa, a few secondary xy lem e l e m e n t s accompanied b y p a r e n c h y m a . x 4 0 0 
Fig. 3. Raphanus sativus, a few secondary x y l e m elements along w i t h p a r e n c h y m a . x 4 0 0 
Fig. 4. Dioscorea bulbifera, single vascular b u n d l e w i t h a number of vessels, phloem a n d paren-
chyma; n o t e t he larger size of ground p a r e n c h y m a cells (lying on t h e border of t h e bundle ) 
as compared t o those of t h e v a s c u l a r pa r enchyma . x 4 0 0 
Fig. 5. Manihot esculenta, p a r t of the T. S. of r o o t ; note the 11 l aye r s of cork a n d a single 
layer each of phellogen, a n d phel loderm; t h e phel loderm cells con ta in druses. x 4 0 0 
Fig. 6. Dioscorea bulbifera, t h r e e layers of t h i ck -wa l l ed phellem, single layer of phel logen, and 
2 layers of p h e l l o d e r m . x400 
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2. Dioscoreae bulbifera L. 
The t u b e r o u s roots w h i c h are conical t o napi form a n d possess a l a rge 
n u m b e r of l a t e r a l branches pr imar i ly consis t of ground p a r e n c h y m a e w i t h 
vascular b u n d l e s scat tered in t h e m t h r o u g h o u t . The g r o u n d p a r e n c h y m a is 
Fig. 7. Manihot esculenta, p a r e n c h y m a cells packed w i t h numerous r o u n d s ta rch grains h a v i n g 
a central h i lum. X 400 
Fig. 8. Ipomoea batatas, p a r e n c h y m a cells packed w i t h numerous s t a r c h grains which v a r y 
in outline a n d h a v e hila of v a r i a b l e shapes. x 4 0 0 
Fig. 9. Dioscorea bulbifera, cells f i l led wi th numerous r o u n d , oval, e longa te , reniform s t a r c h 
grains a n d c e n t r a l hila of v a r y i n g shapes. X 400 
Fig. 10. Brassica тара, p a r e n c h y m a cells wi th v e r y small-sized s t a r c h grains. x 4 0 0 
Fig. 11. Brassica тара, s ingle cortical cells f i l led with r a p h i d e s . x 4 0 0 
Fig. 12. Manihot esculenta, s e c o n d a r y cortical cells w i t h conspicuously large druses. x 4 0 0 
Fig. 13. Raphanus sativus, a f e w cells of the s e c o n d a r y cortex a n d a laticifer. X400 
Fig. 14. Manihot esculenta, a cell of the s e c o n d a r y cell wi th a la t ic i fer . x 4 0 0 
Fig. 15. Dioscorea bulbifera, a muc i l age duc t surrounded b y 5 radiat ing p a r e n c h y m a cells, x 4 0 0 
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p r o t e c t e d by t h e presence of per iderm, a 3 - 6 layered p e r i d e r m (Fig. 6). T h e 
co rk cells are thick-wal led. 
The cells of the g r o u n d pa r enchyma are penta- t o hexagonal , t h i n -
wal led and compac t ly filled w i t h starch gra ins (Fig. 9). The l a t t e r are oval w i th 
a cent ra l h i lum (hila of v a r i o u s shapes such as long, lobed or circular are also 
seen). The s t a rch grains are w i t h o u t any th ickenings . The o u t e r ground p a r e n -
c h y m a has few or no s tarch g ra ins at all. T h e ou te r cells also b e a r raphides . T h e 
g round p a r e n c h y m a cells h a v e a large n u m b e r of isolated mucilage cana l s 
(ducts) . Each cana l is s u r r o u n d e d by 5—7, charac te r i s t i ca l ly organized r ad i a t -
ing cells (Fig. 15). The l a t t e r possess dense cytoplasmic c o n t e n t s . 
The vascu la r bundles compr ise of 2 15 vessels and a few phloem ele-
m e n t s (Fig. 4). Vessels have re t icu la te ly t h i ckened walls. P h l o e m elements a re 
usual ly not easily discernible. 
3. Ipomoea batatas (L.) L a m k . 
The edible s ta rch-s tor ing p a r t assumes var ious shapes a n d sizes and is al-
mos t always unde rg round . T h e morphology of this par t has been controvers ia l 
fo r m a n y yea r s b u t with t h e he lp of ana tomica l methods i t s " d e s i g n a t i o n " as 
roo t has no t on ly been s t r e n g t h e n e d bu t also confi rmed (see G O V I L 1 9 6 9 ) . 
The p r i m a r y s t ruc tu re of t h e root shows a big, c en t r a l me taxy lem sur -
rounded by f o u r to six p r o t o x y l e m elements a l t e rna t ing w i t h a corresponding 
n u m b e r of ph loem groups (F ig . 1). The ph loem and xylem g r o u p s are s epa ra t ed 
b y p a r e n c h y m a t o u s cells. T h e former are p o o r l y developed a n d each of t h e m 
encloses a l a t e x canal . The endodermis s u r r o u n d s the s ingle- layered per icycle . 
T h e cor tex fo rms t h e m a j o r p a r t of the root consist ing of 8 —12 layers of pa ren -
c h y m a t o u s cells which are b r o a d and t angen t i a l ly e longated . I t is enclosed b y 
t h e epiblema on t h e outs ide . 
The a b n o r m a l p a t t e r n of secondary g r o w t h in Ipomoea is wor th men t ion -
ing. I t has been studied in de t a i l by A R T S C H W A G E R ( 1 9 2 4 ) , a n d G O V I L ( 1 9 6 9 ) . 
Increase in t h e d iameter of t h e large f leshy root is caused n o t only by a con-
t i n u o u s c a m b i u m bu t also b y t h e secondary cambia t h a t arise within t h e 
secondary xy l em. The endode rmi s of the y o u n g root is v e r y p rominen t . T h e 
camb ium produces a new x y l e m and phloem which b reak t h e endodermis . I n 
t h e cortex t h e cells divide t o keep pace w i t h t h e increasing g i r th of t h e roo t . 
T h e divisions of the cells, de r ived f rom t h e camb ium p roduce a b u n d a n t x y l e m 
p a r e n c h y m a , wi th sca t tered a reas of wa te r conduc t ing t u b e s . The p a r e n c h y m -
a t o u s cells are ful l of s t a rch gra ins with a cen t r a l hi lum ( F i g . 8). The second-
a r y cambium is d i f fe ren t ia ted f rom the x y l e m p a r e n c h y m a surrounding each 
of these s t r a n d s or a round single water conduc t ing tubes . Th i s results in t h e 
increase of x y l e m p a r e n c h y m a and accounts for the increase in the d iamete r of 
t h e sweet p o t a t o . This p rocess is repeated m a n y t imes. 
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4. Manihot esculenta C r a n t a 
T h e root cons t i tu tes t h e edible p a r t which stores s t a r c h . It is suf f ic ient ly 
h a r d and is consumed e i the r raw or boi led. The roots a re of large size a n d co-
piously b r anched . 
T h e p r imary root h a s a t e t ra rch protos te le (Fig. 19), a large m e t a x y l e m 
in t h e c e n t r e and four p ro toxy lem s t r a n d s radiat ing outs ide . The ph loem is 
placed a l t e rna t ing wi th p ro toxy lem s t r a n d s of p r i m a r y xylem. The large 
Fig. 16. Raphanus sativus, ou te r por t ion of root exh ib i t ing cambium a n d secondary t issue. X 353 
Fig. 17. Raphanus sativus, p a r t of central region of root-including p i t h and secondary t issue. 
X 353 
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secondary tissue does n o t displace o r des t roy the p r i m a r y t issue. T h e cambial 
ac t iv i ty resul ts in t h e format ion of a n accentric secondary xylem consist ing of 
large vessels a r ranged in radial r o w s (Fig. 18). T h e vessels are invaded b y 
n u m e r o u s , large tyloses and are s u r r o u n d e d by p a t c h e s of thick- and thin-walled 
p a r e n c h y m a . The secondary phloem is scanty . 
T h e vascular t i s sue is marked ly concen t ra ted in the centre . T h e cambium 
in t h e o u t e r cortical region produces m u c h of the vessels and only a few phloem 
Fig. 18. Manihot esculenta, outer region of roo t showing mul t i layered c a m b i u m , thick- and 
thin-walled secondary p a r e n c h y m a and secondary xylem. X 353 
Fig. 19. Manihot esculenta, centre of t h e r o o t showing p r i m a r y and secondary tissues. x 3 5 3 
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s t r a n d s (elements). I n t h e outer , cor t ica l region t h e vessels are also surrounded 
b y th ickened p a r e n c h y m a , sepa ra t ed i n t e rmi t t en t l y b y th in p a r e n c h y m a . The 
pecul ia r i ty of all t h e p a r e n c h y m a t o u s cells is t h a t t h e y are radia l ly e longated. 
All t h e pa r enchyma cells are highly packed with s t a r c h grains (Fig. 7). 
Fig. 20. Brassica rapa, p a r t of roo t a long with p i th a n d secondary t i s sue . X 353 
The ou te rmos t po r t i on of t h e roo t consists of a 5 —10 layered cork (Fig. 5). 
Cork cells are r ec tangu la r , th ick-wal led wi th li t t le l u m e n and s c a n t y cy toplasm. 
I m m e d i a t e l y below t h e r e are r ec t angu la r cortical cells present . These are also 
th ick-wal led and possess dense cy top lasmic conten ts . Many of t h e cort ical cells 
con ta in druses (Fig. 12) and la tex (Fig. 14) and s t a in deeply. The thick-walled 
cells and the presence of la tex tubes give the ba rk a d a r k t inge. 
5. Raphanus sativus L. 
The root and h y p o c o t y l cons t i t u t e the succu len t port ion of t h e p lan t 
wh ich is generally ea t en f resh. T h e f leshy axis is va r i ab le in size, shape, and 
colour depending u p o n t h e var ie ty . I t m a y he spher ical , b lunt ly cylindrical or 
conical and much e longa ted . The colour usually r a n g e s f rom c r e a m y white to 
p ink . The t a p root m a y pene t r a t e t h e soil to a d e p t h of two to t h r e e feet . The 
root has an e laborate l a te ra l spread (with numerous branchle ts ) h u t t h e upper 
por t ion of the f leshy p r i m a r y axis of the hypoco ty l is prac t ica l ly devoid of 
l a te ra l roots . 
T h e p r imary roo t exhibi ts a diarcl i protostel ie condi t ion. T h e cells of t h e 
t w o m e t a x y l e m po in t s are d i f f e ren t i a t ed cen t r ipe ta l ly and w i th t h e larger 
m e t a x y l e m vessel t o w a r d s and a t t h e centre, f o r m i n g the comple te p r imary 
x y l e m s t r and . The t w o p r i m a r y p h l o e m s t rands a l t e r n a t e with t h e p ro toxy lem 
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and are separa ted f r o m t h e pr imary x y l e m b y a zone of p a r e n c h y m a . T h e cor tex 
comprises a few layers of large pa r enchyma tous cells a n d the ep idermal cells 
are also thin-walled. Th i s region also has several la t iceferous ducts (Fig. 13). 
Dur ing the in i t i a t ion of secondary th ickening t h e cambium arises in the 
f u n d a m e n t a l p a r e n c h y m a located be tween the x y l e m a n d phloem. 
The ma tu re root h a s a well organized per ide rm. T h e phellogen is in the 
form of a broken layer a n d the cork deve lopment is also poor. The secondary 
xylem vessels are a r r a n g e d in radial rows, separa ted f r o m each o the r by the 
p a r e n c h y m a (Figs 3, 16, 17). The l ignif icat ion of v a s c u l a r elements is no t so 
dist inct e i ther . Large quan t i t i e s of thin-walled p a r e n c h y m a account for the 
succulence of the edible roo t -hypocoty l axis. There is a grea t va r ia t ion in t h e 
size of t h e vessels. In genera l , however , t hey are r e l a t ive ly large. E a c h vessel 
is su r rounded by th in -wal led p a r e n c h y m a cells. T e r t i a r y thickenings of the 
hypoco ty l are identical t o those of roo t s ( M m m 1928). 
T h e root cells l a rge ly contain w a t e r and cellulose. Thickened cells of the 
hypoco ty l region a c c u m u l a t e glucose or f ruc tose or b o t h (react ions with 
Fehl ing 's A and Feh l ing ' s В were posi t ive) . 
Discussion 
As detailed here, a long with some o ther forms such as Beta vulgaris (beet) 
and Daucus carota ( ca r ro t ) , the p l a n t organs modi f ied for food s to rage show 
certain f ea tu res which a p p e a r common and charac te r i s t i c to all. These are 
summar ized below: 
A) Almost all t h e vege ta t ive food storage o r g a n s are p rov ided wi th 
th ick-wal led, r ec tangu la r , closely p a c k e d cork cells devo id of any intercel lular 
spaces. T h e per iderm ar ises earlier in t h e ontogeny ( w h e n the organ has jus t 
s t a r ted to s tore food ma te r i a l ) . The cells m a y conta in on ly a scanty a m o u n t of 
cy top lasm. W h a t is t h e need for such a t issue while ins ide it extensively con-
sists of p a r e n c h y m a ? P e r h a p s it is so organized to s a f egua rd the organ f rom 
fungal a t t a c k s of va r ious pa thogens . As t h e pc renna t ing organ has t o lie bur ied 
unde rg round during t h e un favou rab l e season, there is eve ry possibili ty of such 
an invas ion . I t is p e r h a p s for this reason t h a t the p e r i d e r m is f o u n d usual ly 
as well as exclusively su r round ing t h e tubers , rh izomes , corms, and root etc. 
A n o t h e r possibility m a y be to check t h e loss of w a t e r content of t h e cells 
inside. As is known m o s t of these t y p e s of organs a re q u i t e rich in w a t e r , t hey 
are l iable t o be a t t a c k e d b y pa thogens and , therefore , m u s t be p ro tec t ed by a 
re la t ive ly dry , u n p e n e t r a b l e and re s i s t an t per iderm. 
B) T h e presence of a large a m o u n t of p a r e n c h y m a which is u n d o u b t e d l y 
most su i ted for s to rage is t h e nex t i m p o r t a n t f e a t u r e . Owing to t he i r t h in 
walls, t he se cells p rov ide more space fo r storage. 
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C) There is relatively p o o r development of t h e vascular t i ssue . I t can he 
discussed u n d e r two headings : 
a) Dico ty ledons , exhib i t ing secondary g rowth . 
b) Monocotyledons , devoid of secondary g rowth . 
A fea tu re w o r t h y of record in this connect ion is t ha t t h e secondary t issue 
der ived f rom cambia l ac t iv i ty is domina ted b y t h e p a r e n c h y m a , xylem and 
ph loem fo rma t ion being re la t ive ly very poor (except in Manihot esculenta which 
h a s numerous x y l e m vessels s c a t t e r e d all round) . Here too, t h i s t issue is com-
para t ive ly v e r y small in compar i son to others . 
In the monocoty ledons t h e p a r e n c h y m a invar iably d o m i n a t e s and only 
a few elements of xylem and p h l o e m are discernible. 
D) L a t e x usual ly occurs i n t h e food s to rage organs. I t m a y be replaced 
b y mucilage in some ins tances as in Dioscorea bulbifera. I t provides good 
evidence for t h e belief tha t t h e l a t e x is one of t h e reserve food mater ia l s r a the r 
t h a n a mere w a s t e product . 
E) The presence of a b u n d a n t s tarch is character is t ic of all the p lan t s 
s tud ied , i nd ica t ing preference of th i s mode of s torage over a n y others . 
F) P ro fuse ly dis t r ibuted ergas t ic subs tances such as d ruses and raphides 
a re also charac te r i s t i c of such o rgans . There are again two possibil i t ies; e i ther 
t h e y provide s t r e n g t h (by keep ing t h e cells in a s t re tched condi t ion) or they are 
s to rage p roduc t s . Their descr ip t ion as was te (excretory) p r o d u c t s is again 
deba t ab l e . 
G) Las t , h u t perhaps m o s t impor t an t of all, is the f e a t u r e t h a t br ings 
o u t the economy of plants . I t is t h e absence of intercellular spaces in paren-
c h y m a . I t m a y be because of t w o reasons: a) i t provides more s t r eng th due to 
t h e compactness of the organ or b) it utilizes t h e m a x i m u m area avai lable . 
Some of t he se and re la ted problems will f o r m the s u b j e c t m a t t e r of t h e 
discussion in our second art icle on " s t e m s " . 
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HETEROGENITY OF MYOSIN, 
AND SPECTROFLUOROMETRIC INVESTIGATION 
OF ITS CHROMATOGRAPHIC FRACTIONS 
B y 
S . F A Z E K A S , V . S Z É K E S S Y - H E R M A N N , L K Á S A , I . H O R N Y Á K 
I N S T I T U T E O F B I O C H E M I S T R Y O F T H E MEDICAL U N I V E R S I T Y , B U D A P E S T ; I N S T I T U T E F O R A P P L I E D 
C H E M I S T R Y O F T H E T E C H N I C A L U N I V E R S I T Y , B U D A P E S T ; R E S E A R C H I N S T I T U T E FOR T E C H N I C A L 
P H Y S I C S O F T H E H U N G A R I A N A C A D E M Y OF S C I E N C E S , B U D A P E S T 
T h e present p a p e r deals wi th t h e heterogenei ty of myosin, and discusses the 
s t r u c t u r e s of chromatographica l ly s e p a r a t e d myosin f r a c t i o n s as inves t iga ted on the 
bas is of exci ta t ion- a n d fluorescence s p e c t r a . The myosin w a s separated in to 4 prote in-
a n d 2 —3 lipid f r a c t i o n s on a DEAE-ce l lu lose column; t h e i r Ca-ATP-ase a c t i v i t y of 
A M P - d e s a m i n a s e a n d Cholinesterase assoc ia ted with myos in were examined . All four 
p r o t e i n f rac t ions were found to possess ATP-ase ac t iv i ty , while only f r a c t i o n s I , I/a, 
a n d IV h a d Cholinesterase act ivi ty. A m o n g the f rac t ions on ly fract ions I I a n d I I I 
can be considered as p u r e myosin as t h e y have only A T P - a s e act ivi ty. N o enzyme 
t r e a t m e n t was app l i ed unt i l the m y o s i n h a d been s u b m i t t e d to c h r o m a t o g r a p h y . 
N o e n z y m e ac t iv i ty could be de tec ted in t h e lipid f r a c t i ons . The absorp t ion spectra 
as well as the quo t i ens t E2 8 0 /E2 r ,0 c a l cu la t ed f rom their e x t i n c t i o n at 280 a n d 260 mm, 
respect ive ly , were d i f f e r e n t with p ro te in - a n d lipid f r ac t i ons examined. The exc i t a t ion 
a n d fluorescence spec t r a of the prote in f r a c t i o n s obtained a r e compared a n d discussed. 
T h e y demons t ra te t h e corresponding a n d compound f r a c t i o n s . The exc i t a t i on - and 
f luorescence spectra of lipid f rac t ions a r e of low in t ens i ty p robab ly due t o res idual 
p r o t e i n ; namely, f r e s h l y produced l ip ids h a v e hardly a n y absorpt ion, t h e i r spec t ra 
a re character less a n d f l a t , while m a x i m a b o t h in the exc i t a t ion- and f luorescence 
spec t ra of peroxidized lipids are shi f ted t o longer wave l eng th s . 
In t roduc t ion 
Myosin is a " g i a n t " molecule, i t is therefore compl ica ted to p r o d u c e and 
s t udy . T h e he te rogen i ty of the myosin has a double m e a n i n g which gives rise 
to m i s u n d e r s t a n d i n g . F i r s t l y , myosin is associated w i th two enzymes: Cholin-
esterase (acetyl-choline es terase E.C. 3.1.1.7) and adenos ine desaminase (AMP-
a m i n o h y d r a l a s e E.C. 3.5.4.6). Choline es terase is v e r y intensively a b s o r b e d 
( V O D N Y Á N S Z K Y et al. 1962); V A R G A et al. (1935) p o i n t e d out t h a t choline 
esterase is f o u n d in t h e L-meromyosiri p a r t . Adenosine-desaminase is a lso ve ry 
closely l i nked with myos in ( S Z É K E S S Y H E R M A N N J O S E P O V I T S 1949a, 1949b; 
S Z É K E S S Y H E R M A N N Z O M B O R I 1954). Secondly, myos in is he te rogenous even 
wi thout t he se enzymes a n d can be reduced to various ch romatograph ic f r ac t i ons . 
Ne i the r has it been s t a t ed w h e t h e r t h e small s u b u n i t s of 17,000, 19,000 
and 20,000 molecular we igh t , respec t ive ly , isolated b y L O C K E R H A G Y A R D 
(1966a, 1966b, 1967), a n d t h e subuni t of 46,000 molecular weight o b t a i n e d by 
D R E I Z E N et al. (1966) w i t h guanidine HCl t r e a t m e n t , as well as pept ide of an 
average molecu la r we igh t of 20,000 are ident ica l with t h e ac t iv i ty of one of the 
enzymes, or a re inac t ive components . 
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We have a r r i v e d at the conclusion t h a t myos in shows he te rogene i ty even 
w i t h o u t acetyl-chol ine esterase- a n d adenine-desaminase ac t iv i t ies . 
Aromatic a m i n o acids f o u n d in the myos in make the u l t r av io le t spect ro-
pho tome t r i c inves t iga t ion of t h e s t ruc tu re possible . Discovering its secondary 
a n d ter t iary s t r u c t u r e s and t h e s t r u c t u r e of t h e ac t ive centre is n o t a simple t a s k 
w h i c h requires t h e joint app l i ca t ion of more t h a n one m e t h o d s . One of t h e s e 
m e t h o d s is t h e spec t ro f l uo rome t r i c examina t ion of myosin which is a closer 
a p p r o a c h to t h e question. 
The f luo rescence spec t rum of myosin was s tudied by D U K E et al. ( 1 9 6 6 ) . 
C H E U N G M O R A L E S ( 1 9 6 9 ) p r e p a r e d myosin according to S Z E N T - G Y Ö R G Y I ' S 
( 1 9 5 1 ) method mod i f i ed by T O N O M U R A et al. ( 1 9 6 6 ) for s tudy ing i ts f luorescence 
spec t r a , and m e a s u r e d the m a x i m u m of t h e emission s p e c t r u m at 345 m m . 
S o m e authors t r y t o obtain d a t a on the s t r u c t u r e of myosin b y s tudying t h e 
ul t ra-violet - a n d fluorescence s p e c t r a a f te r i t s modif ica t ion . The modi fy ing 
e f f ec t of urea, p r e s e n t in var ious concen t ra t ions , on the i n t e n s i t y of the f l uo -
rescence spect ra of myosin was s tud ied by S T R A N K F E L D ( 1 9 7 0 ) w h o found t h a t 
u r e a up to a concen t ra t ion of 1.5 M increased t h e intensi ty of f luorescence, a n d 
A T P - a s e ac t i v i t y increased pa r a l l e l with i t . W i t h concen t ra t ions higher t h a n 
t h a t both dec reased . 
C H E U N G M O R A L E S m o d i f i e d the f luorescence spec t rum of myosin w i t h 
8 - a n i l i no - l -naph t a l ene su lphonic acid. In t h e concent ra t ion of 8-ani l ino- l -
naph t a l ene s u l p h o n i c acid t h e f luorescence of t r y p t o p h a n (Amax = 345 n m ) 
is considerably sh i f t ed and a s econd peak a p p e a r s around a m a x i m u m of 475 
n m . This la ter p e a k originates f r o m the 8 -an i l i no - l -naph ta l ene sulphonic ac id . 
I t was found t h a t the reagent w a s bound o n l y with the h e a v y meromyos in 
f r ac t i on and c h a n g e d its f luorescence in tens i ty . The data are u s e d to draw con-
clusions on t h e position of t h e t r y p t o p h a n a n d the s t r u c t u r e of the h e a v y 
myos in f r ac t i on . I t is easy t o u n d e r s t a n d t h a t some a u t h o r s only chose t h e 
f luorescence s t u d y of heavy meromyos in as t h e subject of t h e i r exper iments , 
(e .g. T A K A S H I N A (1970)) as t h e a c t i v e centre of ATP-ase is local ized to the h e a v y 
meromyosin f r a c t i o n . 
In our expe r imen t s we f o u n d that in t h e c h r o m a t o g r a p h e d p repa ra t i ons 
t h e f luorescence intensi ty of m y o s i n changed w i t h t ime. W e supposed t h a t t h e 
f luorescence s p e c t r a of myos in was not exclusively d e t e r m i n e d by a m i n o 
ac ids building u p the protein , b u t also by o t h e r substances of lipid c h a r a c t e r 
successfully i so l a t ed from t h e c h r o m a t o g r a p h e d fract ions. On t h e other h a n d , 
w e succeeded in reducing m y o s i n to more t h a n t h e usual n u m b e r of c h r o m a t o -
graphic f r a c t i ons , of which f o u r h a d i n d e p e n d e n t and charac te r i s t ic u l t ra -v io le t 
spec t r a and charac ter i s t ic E 2 g o / E 2 e o quo t i en t s . On this basis w e have to ag ree 
w i t h the a u t h o r s A S A I ( 1 9 6 3 ) , M O R E Y et al. ( 1 9 6 7 ) , V I E R L I N G et al. ( 1 9 6 8 ) 
B A R I L et al. ( 1 9 6 7 ) who cons ider myos in heterogenous, i .e. composed of 
va r ious molecules . 
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Material and Method 
I n ou r exper iments we used myosin isolated f r o m rabbit ske le ta l muscle wi th SZENT-
G Y Ö H G Y I ' S ( 1 9 5 1 ) m e t h o d m o d i f i e d b y P O R T Z E H L — S C H R A M M — W E B E K ( 1 9 5 0 ) . T h e m y o s i n 
was cen t r i fuged for an hour a t 105,000 g and ch roma tog raphed on a DEAE-cel lu lose ( W h a t -
m a n D E 32) co lumn, af ter t he m e t h o d of MOREY el al. (1967). W i t h a low gradien t of CI 
concen t ra t ion , in a p y r o p h o s p h a t e buf fer of 0.04M ( p H = 7.6) m y o s i n is reduced t o a well 
defined p r o t e i n f rac t ion and t w o no t readily s e p a r a t e d f ract ions a l r eady appear ing a t the 
beginning of t h e elution. The read i ly separated f r a c t i o n is usually called myosin in the l i t e r a tu re . 
This m e t h o d is n o t sa t isfactory for separat ing t h e va r ious fract ions of myos in , which is p r o v e d 
b y the p e r c e n t a g e dis t r ibut ion of f rac t ions and also b y the recover ing ability. We t r i e d to 
develop a m e t h o d resulting in myos in perfect ly b o u n d and 100 per c e n t recovered. Th i s was 
prevented b y t h e high solubili ty of myosin. Never the less we succeeded in achieving a b e t t e r 
separat ion b y decreasing the concent ra t ion of t h e pyrophospha te b u f f e r to 0.02 M a n d t h a t 
of the c h r o m a t o g r a p h e d myosin to 5 — 6 mg/ml s imul taneous ly . 
W i t h t h e above method , a t t h e end of the i sola t ion myosin was p repa red in a c o n c e n t r a -
t ion of 20 — 30 m g / m l in 0.5 M KCl and 0.05 M 2-mercap to-e thano l solution for c h r o m a t o -
graphic sepa ra t ion . By reducing t h e KCl c o n c e n t r a t i o n to 0.04 M t h e myos in was p r ec ip i t a t ed 
and collected b y means of a cen t r i fuge (2500 g, 30 minutes , 0° C). T h i s process was r e p e a t e d 
four t imes, t h e n the myosin was diaiized against a 0.02 M p y r o p h o s p h a t e buffer in o r d e r to 
remove t he KCl perfect ly. In such ci rcumstances myos in can be pe r f ec t ly bound on a co lumn 
equi l ibrated w i t h 0.01 M p y r o p h o s p h a t e (pH 7). E lu t ion was carr ied out s tep-by-s tep and 
s ta r ted wi th py rophospha t e of 0.02 M (pH 7.6). F u r t h e r eluants app l i ed are given in F ig . 2. 
The ATP-ase ac t iv i t y of myosin was determined w i t h t he method of HOLLAND —PERRY (1969). 
The concen t ra t ion of an inorganic phospha te o r ig ina t ing from the sp l i t t ing of the A T P was 
determined b y t he method of FISKE — SLBBAROW (1952) and the ascorb ic acid r educ t ion was 
achieved b y a modif ied me thod of LOWRY et al. (1954). The amoun t of protein was ca lcu la ted 
f r o m K j e l d h a l ' s ni trogen con t en t de te rmina t ion a n d determined on t h e basis of e x t i n c t i o n 
measured w i t h a Beckman D U spec t ropho tome te r Model G 2400 a t 280 n m in the u l t r av io l e t 
region (YOUNG 1967). Da ta were controlled b y grav imet r ic m e a s u r e m e n t s of p r e p a r a t i o n s 
dried a t 105° C. 
F luorescence methods. T h e fluorescence measu remen t s were carr ied out w i t h a HI-
TACHI— PERKIN — ELMER M P F 2/A spec t rof luor imeter and the c o n v e n t i o n a l optical sy s t em 
for the de tec t ion of f luorescence a t 90° relative t o t he pa th of exc i t a t i on light. A 1 c m long 
quar tz c u v e t t e was used. The exc i t a t ion of the s a m p l e s took place a t a w a v e length of 280 n m . 
The diffuse l ight was fi l tered ou t a t 290 nm by m e a n s of a cut-off f i l t e r . (Except for F ig . 5.) 
The wid th of t h e exci tat ion a n d emission band w a s 2 nm. The e x c i t a t i o n light-source w a s a 
Xenon l a m p of 150 W. 
Results 
A considerable pa r t (20 percent or somet imes more) of the myosin chro-
m a t o g r a p h e d wi th the m e t h o d of M O R E Y et al. (1967) is no t b o u n d on the D E A E -
cellulose co lumn . Beside t h e main f r ac t ion fraction 3 fract ions 1 a n d 2 
(Fig. 1)* also exhibi t ATP-ase act iv i ty . S o m e 35 percent of t h e total A T P - a s e 
ac t iv i ty , while only 26.7 pe r cen t of the p r o t e i n tested are con ta ined in f r a c t i o n 
3. Af te r f r ac t i on 3 a subs t ance of non-pro te in character e lua tes , up to 90 t u b e , 
and 60 — 62 percen t of t h e mater ia l appl ied to the co lumn is recovered w h e n 
expressed in E 2 8 0 . The rest consists of f r a c t i o n s 4 and 5 wh ich contain a n in-
s ignif icant a m o u n t of p ro te in eluating w i t h alkali. The ATP-ase ac t i v i t y of 
* I n o rder to avoid confus ion we mark t h e f rac t ions from l inear gradient c h r o m a t o g -
r a p h y wi th 1, 2 and 3, while t h e concentra t ion g r a d i e n t fract ions w i t h I, I I and I I I . as seen 
in Fig. 2. 
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Fig. 1. C h r o m a t o g r a p h y of m y o s i n on DEAE-cel lu lose column accord ing to the m e t h o d of 
Morey et al. (1967) . Column is 2.3 c m in diameter a n d 45 cm in length . F rac t ion volume 6.2 ml . 
Elut ion w a s fulfilled wi th K C l linear g rad ien t . Lipid eluted w i t h 0.1 N N a O H 
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Fig. 2. C h r o m a t o g r a p h y of the u l t racen t r i fuged m y o s i n on DEAE-ce l lu lose column. P r o t e i n 
of 311.8 E 2 8 0 in 0.02 M p y r o p h o s p h a t e buffer ( p H 7.6) applied for c o l u m n . Column is 2.3 cm 
in diameter a n d 50 cm in l eng th , equil ibrated w i t h 0.01 p y r o p h o s p h a t e buffer c o n t a i n i n g 
0.02 M 2-mercap toe thano l (pH 7.6). Fract ion v o l u m e 6.2 ml. Lipid e l u t e d with 0.9, 1.1, 2 M 
KCl. . . E , - E 2 B I 
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f r a c t i o n s 3 is 0.17 micromole P ; (mg protein) m i n u t e . The ATP-ase of the main 
f r a c t i o n is not a c t i v a t e d by Mg-ions. I t shows Cholinesterase ac t iv i ty and abou t 
30 //g acetylcholin is hydrol ized b y 1 mg pro te in in 60 minutes . 
Fig. 3. Exc i t a t i on a n d fluorescence spec t ra of myosin ch roma tog raphed b y t he method of 
Morey et al. (1967) 
Fig. 4. E x c i t a t i o n and f luorescence spectra of lipids in chloroform. Lipids were e x t r a c t e d f rom 
myos in with chloroform : m e t h a n o l ( " : 2 v /v) 
In Fig. 1, on t h e asymmetr ic ascending side of t h e ch romatograph ic curve 
of f r a c t i o n 3 a minor peak is found which shows t h a t t h e f rac t ion is no t homo-
genous , as conf i rmed b y the results of s tudies on t h e f luorescence- and exci ta-
t ion spec t ra . 
W i t h the c h r o m a t o g r a p h i c t echn ique described in the methodological 
pa r t of t h e paper myos in can be per fec t ly bound on t h e DEAE-cel lulose co lumn; 
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a h u n d r e d percent e lu t ion can be achieved, and f u r t h e r m o r e N a O H solut ion as 
e l u a n t omi t ted . W i t h this p rocedure f ive f r ac t ions wi th prote in con t en t and 
A T P - a s e ac t iv i ty as well as two or t h r ee f rac t ions consist ing of lipids a n d some 
100 
5 0 
Excitation spectra 
— - Fluorescence spectra 
250 450 300 350 400 
Wavelength A [nm] 
Fig• 5. Exc i ta t ion a n d fluorescence spec t ra of ex t r ac ted myosin , resoluted in 0.5 M KCl con-
taining 0.02 M 2-mercap toe thano l 
100 • 
>50 
250 
Excitat ion spec t ra 
— — Fluorescence spectra 
300 350 
Wavelength A [nm! 
400 450 
Fig. 6. Exci ta t ion a n d fluorescence spec t r a of f rac t ion I gained with 0.02 M p y r o p h o s p h a t e 
b u f f e r (pH 7.6) 
nucleic acid e lua t ing under t h e inf luence of h igher concen t ra t ions of KCl are 
o b t a i n e d f rom t h e myosin (Fig . 2). The low concent ra t ion p y r o p h o s p h a t e 
b u f f e r by itself e lua tes two f r ac t i ons (I and I /a) . Frac t ion I is he te rogenous , 
i t s ATP-ase- a n d acetyl-chol inesterase act ivi t ies are the lowest of all prote in 
f r ac t ions . F r ac t i on I /a has t h e highest acetyl-chol inesterase ac t iv i ty , h u t even 
i t s ATP-ase a c t i v i t y is twice as high as t h a t in the f rac t ion . F rac t ions I I and 
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I I I show only ATP-ase- and no ace ty l -chol ines te rase activity. F r a c t i o n IV 
displays a considerable Cholinesterase ac t iv i ty and possesses about 70 pe r cent 
of the t o t a l act ivi ty. F r a c t i o n I I I d i f f e r s f rom the o t h e r s in that i t r e m a i n s in 
250 300 350 4 0 0 450 
Wave leng th Ä [nm] 
Fig. 7. E x c i t a t i o n and f luorescence spectra of f r a c t i o n I/a. E lu t ed w i t h 0.02 M p y r o p h o s p h a t e 
buffer ( p H 7.6) 
: : . I I I I I I : I I I I 
2 5 0 300 350 400 450 
Wave leng th Ä [nm] 
Fig. 8. E x c i t a t i o n and f luorescence spectra of f r a c t i o n I I eluted w i t h 0.0025 M p y r o p h o s p h a t e 
- 0.125 M K C l ( p H 7.6) 
solution even when dialized against d is t i l led water at a low concent ra t ion . T h e 
E.,80/E.,60 q u o t i e n t s of t h e individual f r a c t i o n s increase compared to t h a t of 
t h e applied myosin. Whi le before s e p a r a t i o n they had 1.0 1.23 values , f rac -
t ions o b t a i n e d af ter t h e separat ion s h o w e d the fo l lowing values of t h e 
E 2 8 0 / E 2 6 0 q u o t i e n t : I = 1.23, I /a = 1.61, 1 1 = 1 . 4 2 , I I I = — 1.82, IV = 1 . 5 4 , 
and in l ipid fract ions ob ta ined w i t h high concen t ra t ions : V = 1.0, 
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Y I = 0.64 0.84. Quotients of f r ac t ions I a n d I / a vary f r o m prepara t ion t o 
p r epa ra t i on . 
Fluorescence spectra of fractions 
Fig. 3 shows t h e f luorescence and exc i t a t ion spectra of m y o s i n obta ined 
w i t h f ract ion 3 p resen ted in F i g . 1. 
When t h e f r ac t ion was dial ized over a longer period aga ins t distil led 
w a t e r , products of low molecular weight were released in t h e dializing w a t e r . 
W h e n following u p t h e amount of t h e released s u b s t a n c e spec t ropho tomet r i ca l ly 
Wavelength Л [nm] 
Fig. 9. Exc i t a t i on a n d fluorescence s p e c t r a of f rac t ion I I I eluted with 0 .005 M p y r o p h o s p h a t e 
— 0.17 M KCl ( p H 7.6) 
Wave leng th Л [nm] 
Fig. 10. E x c i t a t i o n and f luorescence spectra of f r a c t i o n IV eluted w i t h 0 .01 M p y r o p h o s p h a t e 
— 0.30 M KCl ( p H 7.6) 
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we f o u n d t h a t the low molecular we igh t substances collected were a b o u t 20 
per cent of f rac t ion 3 w h e n expressed b y t h e value of E 2 8 0 ' Under the in f luence 
of dialysis t h e myosin prec ip i ta tes , i ts ATP-ase a c t i v i t y decreases, a n d i t be-
comes greyish when k e p t fo r some t i m e in the open a i r which ind ica t e s the 
W a v e l e n g t h Л [nm] 
Fig. 11. Exc i t a t i on and f luorescence spectra of lipid fract ion V e lu ted with 0.9 M KCl 
Fig. 12. E x c i t a t i o n and f luorescence spectra of l ipid fraction V I e l u t e d with 1.1 M K C l 
presence of u n s a t u r a t e d l ip ids . The p rec ip i t a t ed myosin w a s therefore e x t r a c t e d 
fo r 2 3 d a y s wi th a t e n f o l d volume of ch loroform: m e t h a n o l (2 : 1 v /v ) , a n d 
t h e ex t rac t concen t ra ted . L ip id peroxids of yellow colour were thus o b t a i n e d . 
T h e f luorescence- and exc i t a t i on spectra of t h e lipid a re shown in Fig. 4 . T h e 
ve ry wide exc i ta t ion and emission spect ra suggest t h a t t h e substance in ques-
t ion is no t homogenous. 
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The e x t r a c t e d myosin h a s n o ATP-ase ac t iv i ty , 0.5 —1.0 mg/ml myos in 
c a n be recovered to resolve in 0.5 M KCl. I t s fluorescence- and exc i t a t ion 
spec t r a are s h o w n in Fig. 5. 
Both t h e exci ta t ion- and t h e f luorescence spectra d i f fer essentially f r o m 
t h e spectra s h o w n in Fig. 3. O n one hand b o t h spectra s h o w more than o n e 
m a x i m a , on t h e o the r hand t h e Amax-s of t h e m a i n peak are s h i f t e d toward t h e 
longer waves. T h i s is caused b y some c o m p o n e n t s appearing as t h e result of t h e 
d ispropor t ion . T h e maxima a p p e a r i n g in the s h o r t wave range of the exc i ta t ion 
s p e c t r a are cons idered by t h e l i t e r a tu re as o r ig ina t ing f rom d e n a t u r a t e d p r o t e i n 
aggregates , a n d t h u s the s p e c t r u m as one of scat tered exc i t a t i on r a d i a t i o n . 
With t h e exci ta t ion s p e c t r u m shown in F ig . 5 at 350 n m a cut-off f i l t e r 
w a s applied t o f i l t e r out d i f fu se light, and t h e intensi ty of e m i t t e d light w a s 
measured a t t h e wave- length of 360 nm. T h e excitation- a n d f luorescence 
spec t r a of t h e c h r o m a t o g r a p h e d fract ions s h o w n in Fig. 2 a re presented in 
F igs 6 —10. Exc i t a t i on - and f luorescence s p e c t r a of f r a c t i o n s I and IV a r e 
t o t a l l y ident ica l . W h e n c o m p a r i n g them w i t h f rac t ion 3 of F i g . 1 we f ind t h a t 
t h e exci tat ion spec t ra are iden t i ca l , hut t h e f luorescence s p e c t r a are d i f f e r en t . 
T h e m a x i m u m in the f luorescence spectra of f ract ions I a n d I V is s o m e w h a t 
s h i f t e d t oward t h e short w a v e spectra l r ange . 
With f r a c t i o n s I/a, I I a n d I I I both exc i ta t ion- and f luorescence s p e c t r a 
a r e identical, b u t unlike t h o s e of f rac t ions I and IV t h e maxima in t h e 
exci ta t ion s p e c t r a are also s h i f t e d toward t h e short wave r a n g e . At the s a m e 
t i m e the f luorescence spectra correspond to t h e respective v a l u e s of f rac t ions I 
a n d IV (Figs 7 9). 
The f luorescence i n t e n s i t y of f r a c t i o n s V and VI is ve ry low ( w h e n 
concen t r a t i on is t aken in considera t ion) c o m p a r e d to t h e f o r m e r ones, a b o u t 
one- third or one -quar t e r of t h e m (Figs 11 12). Their exc i t a t i on spectra cor re -
s p o n d to t h a t of f ract ion I /a , whi le the m a x i m u m in their f luorescence s p e c t r a 
is slightly s h i f t e d toward t h e long-wave r a n g e as compared to those of t h e 
fo rmer f rac t ions . The prote in con ten t of t h e fract ions is low, and the l ip ids 
h a v e not y e t been oxidized t o such an e x t e n t as to give a s imi la r spec t rum t o 
t h a t in Fig. 4 . 
Discussion 
We h a v e demons t ra t ed b y our expe r imen t s tha t wi th a n adequate ch ro -
ma tog raph ic m e t h o d myosin c a n be dissocia ted to six f r a c t i o n s of which o n l y 
f r ac t ions I I , I I I and IV are considered m y o s i n fract ions. Al though f r a c t i o n s 
I and IV h a v e identical exc i t a t ion - and f luorescence spec t ra , f ract ion IV h a s a 
considerable nega t i ve charge a n d as a r e su l t e luates f r o m the D E A E -
cellulose a t h ighe r KCl concen t ra t ions . A T P - a s e activity of all three f r a c t i o n s 
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is lower t han t h a t of myosin app l i ed to the DEAE-ce l lu lose co lumn (0.45 
pmol /mg/minu te ) , b u t n o n e of t h e m show either AMP-desaminase ac t iv i ty or 
Cholinesterase ac t iv i ty except f r ac t i on IV which h a s some Cholinesterase activ-
i t y . 
The excitat ion m a x i m a of f r a c t i o n s I /a, I I a n d I I I are sh i f t ed toward the 
shor te r wave range d u e , supposedly, t o the higher suscept ibi l i ty t o act ivat ion 
Table 1 
Distribution of chromatographed myosin fractions 
Fraction No E2B0 % ra t io of E M S / E „ 0 
i 1 - 5 6 5 4 . 0 2 5 . 7 1 , 2 8 
I/a 5 7 - 1 0 2 3 7 . 0 1 1 . 3 1 . 5 3 
I I 1 0 3 - 1 4 6 4 5 . 6 1 3 . 8 1 . 4 2 
I I I 1 5 6 - 1 6 8 3 5 . 9 5 1 1 . 0 1 . 8 0 
IV 2 0 1 - 2 4 6 6 5 . 8 3 2 0 . 2 1 . 4 4 
V 2 4 9 - 2 6 0 4 . 7 4 1 . 4 5 1 . 0 4 
VI 2 6 1 - 2 8 3 2 3 . 8 2 7 . 6 5 0 . 7 4 
VII 2 8 4 - 2 9 1 1 5 . 3 1 4 . 6 5 0 . 7 0 
recovery = 311.8 95.6 
appl ied for co lumn = 327.5 100.0 1.28 
of ty ros in occurring in t h e molecules as a result of s t r u c t u r e t r a n s f o r m a t i o n or 
t h e r e m o v a l of the smal l sub-units a n d lipids. Dis in tegra t ion is ind ica ted by 
t h e increased quot ien t in the u l t ra -v io le t spect rum a n d the decreased ATP-ase 
a c t i v i t y compared to t h a t of the m y o s i n studied ch roma tog raph i ca l l y . I n Fig. 5 
t h e wider excitat ion- a n d f luorescence spectra of l ip id-free e x t r a c t e d myosin, 
t h e appea rance and sh i f t i ng of a n u m b e r of small absorpt ion- a n d emission 
m a x i m a show t h a t t h i s f rac t ion cons i s t s of more t h a n one componen t s , and 
t h e exci ta t ion- and f luorescence m a x i m a of c o m p o n e n t s appear ing as a result 
of d is in tegra t ion in t h e s t ruc tu re h a v e shif ted t o w a r d shor ter 2m a x-s of tyrosine 
and longer Amax-s of t r i p t o p h a n , respect ive ly . I t is k n o w n tha t t h e f luorescence 
m a x i m u m of tyrosine is 304 nm and t h a t of t r i p t o p h a n 350 nm. So tyros ine is 
able t o inf luence the f luorescence s p e c t r a of pro te ins in the range be tween 295 
a n d 305 n m , while t r i p t o p h a n b e t w e e n 340 and 355 n m wave- lengths . 4 6 
pe rcen t lipid can he ob t a ined f r o m f r ac t ion 3 p r o d u c e d by the s imple linear 
g rad ien t me thod (Fig. 1 ) . L Y N N ( 1 9 6 7 ) was able t o i so la te 4 pe rcen t lipid f rom 
chromatographica l ly p u r i f i e d myosin. However , w i th myosin f r ac t ions obtained 
b y the s tep-by-s tep m e t h o d (Fig. 2) 2 — 3 percent l ip id can be f o u n d even in 
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t h e f r a c t i o n s of I I a n d I I I . Moreover , with part ia l hydrolysis (in 2 M HCl, a t 
100° С fo r ten hours) a fu r ther 4 .36 per cent l ipid of in t ens ive yellowish 
b r o w n colour could b e isolated f r o m l ip id-ext rac ted myosin. O w i n g to their 
low exci ta t ion- and f luorescence ac t iv i t ies lipids do no t pe rcep t ib ly influence 
t h e s p e c t r a except in t h e case of o ld discoloured myos in exposed t o the open 
air, w h e r e a u toox ida t i on has a l r e a d y s tar ted . T h e spect rum of peroxida ted 
lipid c a n be seen in F ig . 4. 
O u r results sugges t t ha t Cholinesterase ac t iv i ty is divided in t h e f ract ions. 
T h e h ighes t specific ac t iv i ty is a c h i e v e d in f r ac t i on I /a . In sp i t e of this fac t 
f r a c t i o n I /a cannot b e considered p u r e Cholinesterase ei ther, as i t shows a very 
high — 0.5 ^mol P i / m g / m i n u t e — Ca ATP-ase a c t i v i t y as c o m p a r e d with t h e 
0.20 m o l P i / m g / m i n u t e act ivi ty of f r a c t i o n I. If t h e amount of f r a c t i o n I /a is 
low, i t canno t be i so la t ed as a s e p a r a t e f ract ion a n d remains in f r a c t i o n I. 
F rac t ions I I a n d I I I have n o Cholinesterase and desaminase act ivi ty . 
F r a c t i o n IV is a c o m p o u n d and c o n t a i n s Cholinesterase, lipid and f r a c t i o n s I I and 
I I I . U n d e r the i n f l u e n c e of high sa l t concent ra t ions , or w h e n recliromato-
g r a p h e d these f r ac t i ons reappear . I t is fo r this reason t ha t f ract ion IV is supposed 
to b e t h e precursor of all the o the r f rac t ions . 
I t is diff icult t o f ind out t o w h a t extent f r ac t ions o b t a i n e d in our in-
ves t iga t ions with t h e gradient c h r o m a t o g r a p h i c m e t h o d over lap components 
o b t a i n e d by other a u t h o r s . E l u e n t s applied in t h e procedure m a y possibly 
resul t myosin sub -un i t s isolated b y D R E I Z E N et al. ( 1 9 6 6 ) , D R E I Z E N et al. ( 1 9 6 7 ) , 
G E R S H M A N — S T R A C H E R ( 1 9 6 6 ) , G E R S H M A N D R E I Z E N ( 1 9 6 9 ) o r small com-
p o n e n t s considered necessary by D R E I Z E N G E R S H M A N ( 1 9 7 0 ) a n d unnecessary 
b y P E R R I E P E R R Y ( 1 9 7 0 ) to m a i n t a i n the Ca A T P - a s e a c t i v i t y of myosin. 
On the basis of ou r inves t iga t ions and the resu l t s ob ta ined i t is not easy 
t o dec ide to wha t e x t e n t fract ions I , I / a , V, VI a n d V I I can be c lass i f ied as com-
p o n e n t s of myosin , in contrast xvith the lipid c o n t e n t s of c h r o m a t o g r a p h e d 
f r a c t i o n s which are closely linked w i t h protein. 
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PRIMARY AMINATION MECHANISMS IN INTACT PINTO 
BEAN LEAVES WITH AN INCREASE IN T H E GLYCINE 
LEVEL 
By 
G Y . O R O S 
R E S E A R C H I N S T I T U T E OF P L A N T P R O T E C T I O N , B U D A P E S T 
Detached leaves of P i n t o bean p l a n t s grown in a soil p o o r in ni t ra te were in-
f i l t r a t ed wi th K N 0 3 so lut ion, t hen placed in t he dark. Changes in t ime of t h e levels 
of f ree cysteine, lysine, a spa rag ic acid -{- a spa rag ine , glutamic ac id -f- glutamine, g lyc ine , 
a lanine, tyrosine, t r y p t o p h a n e , phenyla lan ine -j- leucine -f- i so leucine , methionine a n d 
proline were determined in t h e samples b y m e a n s of paper c h r o m a t o g r a p h y . In t he in i t ia l 
phase of t he induct ive syn thes i s of the n i t r a t e - reduc tase e n z y m e t h e r e can be obse rved 
a general increase in the level of amino acids. The re is an especia l ly significant increase 
in t he levels of glycine, a l an ine and g lu tamic acid. Between t h e fou r th and s e v e n t h 
hour a general decrease can be observed in t h e level of amino ac ids , due p r o b a b l y to 
the new metabol ic ba lance resul ted f rom t h e rise in the e x o g e n o u s ni t ra te level. T h e 
level of the free glutamic acid subsequent ly m a i n t a i n s its rising c h a r a c t e r . Data o b t a i n e d 
suppo r t t h e idea tha t t he role of the a - k e t o g l u t a r a t e and o x a l o a c e t a t e is not exclus ive , 
b u t the i r p r imary amina t i on is possible. A t t h e same time, p r i m a r y aminat ion c a n be 
d e m o n s t r a t e d through o t h e r compounds as well , such as p y r u v a t e and ace ty l -KoA. 
The mechanism of p r i m a r y amina t ion in leaves differs f rom t h a t observed in roo t s . 
Changes in the methionine- a n d tyrosine levels can be considered as character is t ic f r o m 
the po in t of view of i nduc t ion , and canno t be expected — espec ia l ly in the case of 
met ionine — f rom the p r i m a r y amina t ion mechan i sms . 
Introduction 
Al though N 0 3 , NO., ions are always f o u n d in green p l a n t s , even w h e n 
t h e y could no t enter the p l a n t f r o m outside ( F R E N Y Ó 1 9 6 6 ) , t h e i r level does n o t 
induce t h e synthes is of t h e n i t r a t e reduc tase enzyme which on ly occurs w h e n 
t h e p lan t s are placed in a m e d i u m con ta in ing N 0 3 ( B O R N M A N 1 9 6 5 ) . N i t r a t e 
reduc t ion m a y t ake place in a n o n - e n z y m a t i c w a y as well, w i t h ascorbic acid as 
i n t e r m e d i u m , b u t this process is q u a n t i t a t i v e l y ins igni f icant ( B A R - A K I V A 
S T E R N B A U M 1 9 6 6 ) . The root is t h e main site of n i t r a t e r e d u c t i o n in plants ; N 0 3 
appear s in t h e aboveground p a r t s only in t h e case of an e x t r a o r d i n a r y rise in 
t h e exogenous n i t r a t e level. H e r e reduct ion t a k e s place e q u a l l y both in d a r k -
ness and l ight , though in t h e l a t t e r case i t is much more intensive ( R O T H -
B E J E R A N O N U R I T 1 9 7 0 ) . 
According to P R Y A N I S H N I K O V ' S d a t a ( 1 9 5 2 ) in green p l an t s a m m o n i a 
der ived f r o m n i t r a t e may b e bound to d i f f e r en t keto-acids , so by p r i m a r y 
amina t i on var ious amino acids m a y be c r e a t e d . After the d i scovery of t r a n s -
amina t ion a-keto-glu tar ic acid was found to h a v e a key role in these processes 
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in animal organisms. This f i n d i n g was f i r s t thought — wrongly , as it t u r n e d 
ou t later t o apply to p r i m a r y aminat ion processes occu r r ing in green p l a n t s 
too . For e x a m p l e : F R A U S T A D T ( 1 9 5 9 ) p o i n t e d out t h a t p y r u v a t e m a y b e a 
p r imary a m i n o acceptor in fung i . The s a m e was proved b y K R E T O V I C H et al. 
( 1 9 6 3 ) , D U B I N Y I N A ( 1 9 6 5 ) w i t h green p l a n t s . An in tens ive rise in the level of 
a lanine can b e observed a g a i n ( M O Y S E 1 9 5 9 , S M I T H el al. 1 9 6 1 ) in the case of 
n i t r a t e r e d u c t i o n taking p l a c e in light in compet i t ion w i t h pho tosyn thes i s 
( V O S K R E S E N S K A Y A G R I S H I N A 1 9 6 2 ) . A s imul taneous inc rease in t h e ser in 
level is the r e su l t of t r a n s a m i n a t i o n f r o m glycine ( P R I T C H A R D et al. 1 9 6 1 , 
N I C Z I P O R O V I C S — Z A K 1 9 6 4 ) . According t o F O W D E N ( 1 9 6 7 ) i t is a - k e t o g l u t a r a t e 
a n d oxa loace t a t e tha t t a k e p a r t first of all in the process of pr imary a m i n a -
t ion . This sugges t ion seems t o be conf i rmed b y M E N G E L H E L A L ( 1 9 6 8 , 1 9 6 9 ) . 
The g rea t e s t part of t h e work m e n t i o n e d above w a s done with roo t s a n d 
Chlorella a n d knowing t h e f a c t tha t n i t r a t e reductase syn the t ized in leaves 
differs in m o r e than one respect Mo sensi t ivi ty, co-factor spec i f ic i ty 
( S H A R E D 1 9 6 7 , P A N E Q U E 1 9 6 9 , H A T T O R I 1 9 6 6 ) f rom t h a t found in roo ts , it 
seemed necessary to s t u d y t h e process in leaves too. 
Material and Method 
Bean p l a n t s (Phaseolus vulgaris L. var . P i n t o ) used in t h e exper iments were grown 
in a culture soil poor in n i t ra te . L e a v e s detached f r o m the plants w e r e vacuum- in f i l t r a t ed w i t h 
a 2.5 x l O - 4 M po tass ium n i t r a t e solut ion (SCHRÄDER 1967), then p l a c e d in a dark t h e r m o s t a t 
a t a t e m p e r a t u r e of 25° C. S a m p l e s were taken in t h e 1st, 2nd, 3 rd , 4 t h , 7th, 10th, 13tli a n d 
16lh hour a f t e r t h e beginning of t h e exper iment . A f t e r extraction in 80 percent e thanol , pur i f ic -
at ion with A s h w a t t a m a n ' s m e t h o d , evaporat ion a n d solving of t h e res idue in 10 p e r c e n t iso-
propanol, the a m i n o acids were s e p a r a t e d by m e a n s of paper c h r o m a t o g r a p h y with descending 
branch, in a s y s t e m of bu tano l : ace t ic acid : w a t e r = 75 : 15 : 10, o n a SS 2043 b Mgl p a p e r 
(HAIS—MACEK 1961). After n i n l i y d r i c staining t h e spots were e l u a t e d , and colour i n t e n s i t y 
was measured w i t h Unicam S P 8 0 0 A spec t ropho tomete r at a w a v e l e n g t h of 570 m/u. 
The r e s u l t s obtained were p lo t t ed in a co-ord ina te sys tem of t ime and abso rp t i on -
on the average of four repl icat ions . 
Resul ts 
Fig. 1 shows the t e m p o r a l level changes of free a m i n o acids. The process 
is divided i n t o two d is t inc t pa r t s . Af ter a general in i t ia l increase, wi th a p e a k 
in the f o u r t h hour , the l eve l of every a m i n o acid e x a m i n e d falls un t i l , in t h e 
f i f th hour i t reaches a m i n i m u m , and t h e n only Gly, Ala ( l .A) , G l u J - G l n ( l . B ) 
and Try ( l .C) change t h e i r levels considerably . 
Inc reased concen t r a t ion of Gly a n d Ala in the f i r s t phase is especial ly 
remarkab le ( l .A) . After a t e m p o r a r y decrease in the f i f t h h o u r Gly, Ala show a 
very slow increase , p rac t i ca l ly a s t agna t ion between t h e seven th and e l even th 
hour , which reaches a p l a t e a u by the 1 6 t h hour . This is t r u e for Asp-f-Asn as 
well, bu t a t a considerably lower level ( l . B ) . 
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Glu j - Gin concen t ra t ion mainta ins i t s increasing c h a r a c t e r even a f t e r t h e 
13th hour ( l . B ) . 
In t h e f i r s t phase two p e a k s can be obse rved in the case of free me th ion ine 
a n d t irosine. T h e former shows another m a x i m u m after t h e f i f t h hour, t h o u g h 
i t is not exp res sed . 
Af te r a t e m p o r a r y s t a g n a t i o n be tween t h e seventh a n d t en th h o u r t h e 
level of T y r con t inues rising, and judg ing b y the c h a r a c t e r of the c u r v e 
p robab ly r eaches a m a x i m u m in the 16th h o u r (l .C). 
Levels of t h e other a m i n o acids e x a m i n e d remain low af ter a gene ra l 
decrease fo l lowing the ini t ial r ise: Try, P r o ( l .A) , Phe-f-Leu-f- I le ( separa t ion 
of these a m i n o acids was n o t good in t h e s y s t e m used), L y s ( l .B) , Cys ( l . C ) . 
Discussion 
According to the resul ts t h e free amino acids of the leaf show considerable 
changes in concen t r a t i on u n d e r the inf luence of a sudden increase in t h e exo-
genous n i t r a t e level. This s t a t e m e n t cor responds with t h e f indings of o t h e r 
a u t h o r s who p o i n t e d out t h a t N 0 3 was in t ens ive ly incorpora ted ( M I C H A E L et al. 
1 9 6 5 ; M A R T I N 1 9 6 8 ) , and i ts effect on the p r o t e i n content b e c a m e obvious o n l y 
several days l a t e r ( K U T U R I N 1 9 5 6 ) . In our case too, the " n i t r a t e shock" led t o a 
general rise in t h e level of f r ee amino acids. 
The level of f r ee amino acids is cont ro l led from two s ides : par t ly b y t h e 
processes of a m i n o acid syn thes i s and decomposi t ion , pa r t l y b y those of p r o t e i n 
synthesis a n d decompos i t ion , respectively. I n the given case the p ro t eo ly t i c 
processes p r o b a b l y play a subord ina t e role. T h e same c a n n o t he said a b o u t t h e 
p ro te in syn thes i s ; H A V K I N et al. (1969) p o i n t e d out t h a t n i t r a t e r e d u c t i o n 
following t h e i nduc t ive syn thes i s of n i t r a t e reduc tase invo lves the inc reased 
ac t iv i ty of o t h e r enzymes too , a n d the more in tens ive incorpora t ion of a l a n i n e 
in t h e pro te ins . This is no t , however , s ign i f ican t in the f i r s t hours . 
According to the resul ts obta ined t h e process examined b y us is d i v i d e d 
in to two well d is t inguished phases : one u n t i l t h e f i f th h o u r a n d another a f t e r 
t h e f i f t h hour . Th i s result corresponds with o t h e r authors ' r e su l t s obtained w i t h 
o t h e r p lan t s (ba r l ey , maize) a n d plant o r g a n s ( M E N G E L I T E L A L 1 9 6 9 ) . 
In t h e f i r s t phase t h e r e occurred a gene ra l increase in the amino ac id 
level, t h a t of t h e Gly, Ala, Glu-f-Gin and T y r levels was, howeve r , o u t s t a n d i n g . 
This indica tes t h a t in the course of the p r i m a r y aminat ion n o t only the oc-keto-
g lu t a ra t e and oxa loace ta te b u t the p y r u v a t e also plays a role , and t h e r e is a 
possibi l i ty too of p r imary amina t ion occur r ing through a c e t y l KoA f o r m e d 
in the course of cell resp i ra t ion . Beside p r i m a r y amina t ion , increased t r a n s -
amina t ion is also highly p r o b a b l e in this p h a s e , u n f o r t u n a t e l y it cannot , h o w -
ever , be d i rec t ly proved w i th t h e method app l i ed . 
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1 2 3 4 5 7 10 13 16 hour 
Fig. 1. E f f e c t of a sudden inc rease in exogenous n i t r a t e level on t h e concentrat ion of f ree 
amino acids f o u n d in the leaf ; A, : Gly — g lyc ine ; Ala — a lan ine ; Try — t r y p t o p h a n e ; 
Pro — prol ine: B , : Glu + Gin glutamic acid -j- g lu tamine ; Asp -f- Asn— asparagic ac id + 
asparagine; P h e j I,eu + l ie — phenylalanine -f- leucine + isoleucine; Lys — lys ine ; 
С,: Tyr — t y r o s i n e ; Met — m e t h i o n i n e ; Cys — cys te ine 
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Between the f o u r t h a n d f i f th hour a character is t ic decrease of level c a n 
be observed in all amino acids examined . Th i s p h e n o m e n o n m a y he due t o a 
higher r a t e of protein syn thes i s , which does n o t , however , suff ic ient ly exp la in 
t h e decrease of level, t h e less so because in t h e n e x t phase a n increased concen-
t ra t ion can be observed aga in in the case of several amino acids . I t is p r o b a b l y 
A case of a m i n o acid recomposi t ion inh ib i t ed ( U M B A R G E R 1 9 5 6 , S U B R A M A N I A N 
et al. 1 9 6 8 ) , which is s u p p o r t e d by the fac t t h a t t h e level of t h e ma jo r i ty of t h e 
f ree amino acids subsequen t ly rises only t o a ve ry low e x t e n t . 
A f t e r a t e m p o r a r y decrease t h e level of Glu-j-Gln main ta ins i ts r is ing 
charac te r , while the Ala a n d Gly levels reach a p la teau b e t w e e n the 13th a n d 
16th h o u r ( l .A) . In t h e t w o la t t e r cases t h e t e m p o r a r y s t a g n a t i o n be tween t h e 
7 th and 10th hour suggests a more in tens ive process of t r a n s a m i n a t i o n and p r o -
tein synthes is . The increas ing rise of G l u G i n levels seems t o support t h e idea 
of these a m i n o acids p l a y i n g an i m p o r t a n t role in t r a n s a m i n a t i o n and a m i n o 
group s to rage ( l .B) ( K R E T O V I C H et al. 1959). 
T y r o s i n e showed charac ter i s t ic changes in level ( l .C) similar to t h o s e in 
glycine, never theless , t h i s rise cannot be expec ted in t h e p r imary a m i n a t i o n 
mechanisms . The three m a x i m a found in t h e me th ion ine level (l.C) a n d t h e 
subsequent decrease can b e considered as charac ter i s t ic f r o m the point of v iew 
of induc t ion , n i t ra te r educ t ion due to t h e very decrease in the level — 
probab ly p lays a s u b o r d i n a t e role in th is . 
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SOWING TIME EXPERIMENTS WITH MAIZE 
By 
I . I'só 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E OF T H E H U N G A R I A N ACADEMY O F S C I E N C E S , 
MARTONVÁSÁR 
T h e pape r discusses t h e results of sowing t ime exper iments carried out w i t h 
the m e d i u m ear ly Mv 40 ( F A O 340) and m e d i u m la te Mv 1 ( F A O 600) hybr ids sown 
into a m e a d o w clay soil a t Mar tonvásá r , f r o m 1958 to 1969. Sowing performed e v e r y 
five days d id n o t result in a curve declining t o w a r d early sowing (Apri l 15). I n p l a n t 
s tands sown a t a later t ime (May) the yield of m e d i u m late h y b r i d s decreased ear l ier 
(May 5) t h a n t h a t of the m e d i u m early h y b r i d s (May 15), on m a n y years ' a v e r a g e . 
When sown a m o n t h earlier t h e p lan t s showed 14 —15 days earlier m a t u r a t i o n on m a n y 
years ' ave rage . 
Introduction 
In H u n g a r y as well as in several o ther countr ies the sowing t ime of m a i z e 
has shif ted l a t e ly towards earl ier dates ( R O S S M A N C O O K 1 9 6 6 , A L D R I C H — 
L E N G 1 9 6 6 ) . Th i s change in t h e sowing t ime was caused b y h y b r i d s with longer 
vege ta t ive pe r iods in t roduced in t h e p roduc t ion on one h a n d , a n d i m p r o v e m e n t 
in the condi t ions of earlier sowing (good h y b r i d seed, dressing, soil dis infect ion) 
on the o ther . I n order to de t e rmine the r igh t t i m e of sowing, exper iments were 
conduc ted a t Mar tonvásá r over more t h a n one decade w i th t w o hybr ids : t h e 
med ium ear ly Mv 40 (FAO n u m b e r : 340), a n d the m e d i u m la t e Mv 1 ( F A O 
n u m b e r : 600). Resul ts of these exper iments were publ ished in year ly de ta i l s 
( I ' só 1 9 6 2 , 1 9 6 6 , 1 9 6 9 ) . In connect ion wi th t h e exper iments ontogenet ic s tud ies 
were also ca r r i ed out ( I ' s ó S Z A L A Y 1 9 6 6 , 1 9 6 9 ) . The p r e sen t paper gives a 
brief s u m m a r y of the resul ts of more t h a n t e n years ' expe r imen t s . 
Material and Method 
We p e r f o r m e d our expe r imen t s between 1958 a n d 1969 in t he exper imen ta l f a r m of 
t h e Ins t i t u t e a t Mar tonvásár in a chernozomic loam soil. The m a j o r analyt ical d a t a 
on the soil of t h e exper iments : C a C 0 3 = 1 .1%, p H = 7.6, hy = 3.4, h u m u s = 4 . 5 % a n d 
ground wa te r level = 1.5 — 2 m. D a t a on the w e a t h e r conditions a re p resen ted in T a b l e 1. 
The e x p e r i m e n t s were given each year t r e a t m e n t s of the same sowing dates , wi th iden-
t ical pa t t e rns a n d me thods . The t w o hybrids m e n t i o n e d in the i n t r o d u c t i o n were s tudied w i t h 
8 sowing t imes , spl i t -plot design a n d 4 replications app l ied . In 1958 a n d 1959 exper iments were 
per formed only w i t h the hybr id M v 5 (FAO n u m b e r : 420). The hybr id M v 1 being suscep t ib le 
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Table 1 
Meteorological data 
Martonvásár . 1958 — 1969 
Y e a r 
M о Q t h s 
Oct .— 
March April May J u n e J u l y August Sept. 
Precipi tat ion m m T o t a l 
1958 210 27 23 180 67 38 18 353 
1959 207 58 83 100 89 6 28 364 
1960 229 45 30 64 112 34 62 347 
1961 342 72 69 58 52 8 2 241 
1962 271 39 38 22 48 2 31 180 
1963 381 33 39 98 64 66 92 392 
1964 162 37 32 145 55 68 24 361 
1965 307 67 73 179 78 88 83 568 
1966 326 49 59 53 159 87 10 417 
1967 288 60 85 54 62 25 89 375 
1968 108 39 30 29 48 165 53 364 
1969 319 8 47 110 45 75 36 322 
Average (1901 — 40) 243 46 66 62 50 52 52 328 
Tempera ture °C Y e a r l y 
average 
1958 3.3 9.0 20.1 18.4 21.7 21.3 16.3 17.8 
1959 4.5 11.4 16.0 18.9 22.8 20.8 15.0 17.5 
1960 3.7 10.6 15.7 21.0 20.1 21.3 15.2 17.3 
1961 5.4 14.0 14.9 20.2 20.0 20.4 17.9 17.9 
1962 3.5 12.7 14.9 18.3 20.0 23.0 16.0 17.5 
1963 1.2 12.0 15.9 19.7 22.2 21.7 18.0 18.2 
1964 3.0 11.9 15.7 22.1 21.2 18.8 15.8 17.6 
1965 3.6 9.3 14.4 19.0 20.1 18.7 16.5 16.3 
1966 4.2 13.3 17.2 20.4 21.0 20.4 16.8 18.2 
1967 4.8 11.5 17.6 20.1 24.1 21.4 18.1 18.8 
1968 4.2 13.4 17.9 22.2 22.0 20.2 16.3 18.7 
1969 2.8 11.3 19.6 19.6 22.2 19.7 17.0 18.2 
Average (1901 — 40) 3.1 10.1 15.9 19.1 21.5 20.7 15.7 17.1 
to fusar ium t h a t h a d occurred in 1966 was replaced in 1967 and 1969 h y Mv 602 (FAO n u m b e r : 
602) which h a s a similar v e g e t a t i v e period b u t is m o r e resistant to f u s a r i u m . 
The size of the main p l o t s (sowing t ime) w a s 25 m-', t h a t of t he sub-plots ( h y b r i d s ) 
12.5 m2, w i t h 100 and 50 p l a n t s per plot respect ively with horder- a n d buffer rows n o t t a k e n 
into considerat ion. P l a n t p o p u l a t i o n was 40 t h o u s a n d / h a ( 5 0 x 5 0 cm) wi th both h y b r i d s . No 
p lan t n u m b e r correction was app l i ed to the resu l t s of the expe r imen t . The dry gra in yield 
(15%) was de t e rmined on t h e bas is of 5 kg cob corn per sub-plot , in 4 replications. W h e n 
determining m a t u r i t y a 35 p e r c e n t moisture c o n t e n t of the grains w a s t aken for hasis. 
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T a b l e 2 
Relative numbers of yield results in sowing time experiments 
M a r t o n v á s á r , 1 9 5 8 - 1 9 6 9 
Year Hybrid IV. 15. IV. 20. I V . 25. IV. 30. V . 5. V. 10. V. 15. V . 20. S . d . 
5% 
1958 
1959 
M v 5 (FAO 420) 
»» 
100 
100 
104 
99 
94 
99 
105 
96 
112 
95 
104 
91 
115 
80 
114 
71 
23 
11 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
M v 40 (FAO 340) 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
102 
91 
101 
96 
98 
99 
108 
100 
99 
98 
95 
98 
105 
90 
100 
95 
107 
101 
96 
100 
112 
82 
96 
94 
98 
92 
111 
98 
94 
108 
95 
91 
101 
100 
99 
97 
97 
105 
91 
105 
99 
90 
95 
100 
100 
105 
101 
100 
93 
98 
104 
95 
89 
98 
92 
88 
100 
98 
84 
95 
96 
94 
93 
97 
84 
93 
88 
72 
77 
97 
9 
11 
15 
16 
10 
6 
9 
6 
8 
5 
10-year-average 
12-year-average 
100 
100 
99 
99 
99 
98 
98 
99 
98 
99 
98 
98 
94 
95 
89 
90 
-
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
M v 1 (FAO 600) 
tt 
tt 
tt 
tt 
M v 602 (FAO 602) 
Î , 
»» 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
99 
91 
96 
104 
97 
97 
97 
99 
101 
97 
102 
95 
99 
96 
98 
95 
100 
96 
104 
100 
105 
98 
93 
92 
85 
98 
92 
100 
93 
97 
104 
99 
90 
120 
94 
91 
94 
100 
92 
98 
114 
85 
73 
105 
99 
93 
93 
87 
88 
97 
99 
84 
77 
106 
80 
87 
88 
82 
82 
92 
77 
83 
75 
109 
78 
85 
75 
79 
81 
85 
9 
11 
15 
16 
10 
6 
9 
6 
8 
5 
10-year-average 100 98 98 95 97 93 88 83 
-
Results 
T h e relat ive n u m b e r s of crop resu l t s in t h e exper iments a r e shown b y 
Table 2. As to the e f f e c t of the s o w i n g t ime t h e r e are considerable differences 
be tween t h e results of t h e ind iv idua l years . I t is enough to r e f e r here to t h e 
con t r a s t i ng results of t h e two success ive years: 1958 and 1959. W h i l e in 1958 
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T a b l e 3 
Number of days between sowing and sprouting in the sowing time experiments 
M a r t o n v á s á r , 1 9 5 8 - 1 9 6 9 
Varie ty Air temperature C° Sowing t i m e 
Year April May IV. 15. IV. 20. IV . 25. IV. 30. V . 5. V. 10. V . 15. V. 20. 
Mv 5 
1958 9.0 20.1 21 18 15 13 11 10 9 10 
1959 11.4 16.0 20 18 14 11 9 9 8 10 
Mv 1 
1960 10.6 15.7 25 24 20 15 11 8 6 8 
1961 14.0 14.9 12 13 12 10 11 13 11 9 
1962 12.7 14.9 8 15 17 15 15 14 13 10 
1963 12.0 15.9 12 11 10 11 11 8 10 9 
1964 11.9 15.7 16 18 15 12 10 8 11 9 
1965 9.3 14.4 25 25 22 19 15 11 9 11 
1966 13.3 17.0 14 12 9 8 10 8 6 10 
Mv 602 
1967 11.5 17.6 23 19 15 11 10 9 12 13 
1968 13.4 17.9 13 10 12 10 8 8 11 10 
1969 11.3 19.6 17 13 9 11 12 9 9 10 
Mean* 10.1 15.9 16.5 16.0 14.1 12.2 11.3 9.6 9.8 9.9 
Max. 14.0 20.1 25 25 22 19 15 14 13 13 
Min. 9.0 14.4 8 10 9 8 8 8 6 8 
Diff . 5.0 5.7 17 15 13 11 7 6 7 5 
Mv 40 
1960 10.6 15.7 23 23 18 14 10 7 6 8 
1961 14.0 14.9 12 13 11 9 10 12 11 9 
1962 12.7 14.9 8 15 17 15 15 14 13 10 
1963 12.0 15.9 11 10 9 10 10 7 9 8 
1964 11.9 15.7 15 17 14 11 9 7 10 8 
1965 9.3 14.4 24 24 21 18 14 10 8 10 
1966 13.3 17.0 13 11 8 7 9 7 5 8 
1967 11.5 17.6 23 19 15 11 9 10 11 12 
1968 13.4 17.9 12 10 11 9 7 7 10 9 
1969 11.3 19.6 16 12 8 10 11 8 8 9 
Mean 10.1 15.9 15.7 15.4 13.2 11.4 10.4 8.9 9.1 9.1 
Max. 14.0 19.6 24 24 21 18 15 14 13 12 
Min. 9.3 14.4 8 10 8 7 7 7 5 8 
Diff . 4.7 5.2 16 14 13 11 8 7 8 4 
* Air t empera tu res m e a n refers to t h e years between 1901 and 1940, whi le t he number 
of d a y s t o those be tween 1960 and 1969. 
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Table 4 
Number of days from sowing to ripening in the sowing time experiments 
Martonvásár , 1960 — 1969 
Date of sowing 
Year Variety I V . 15. IV. 20. IV. 25. IV. 30. V . 5 . v . io. V. 15. V. 20. 
n u m b e r of days f rom sowing to ripening 
1960 Mv 1. 183 178 175 172 169 165 161 158 
1961 162 157 154 152 153 152 149 145 
1962 173 172 172 168 166 162 163 159 
1963 163 158 153 165 157 152 154 149 
1964 157 158 157 153 150 148 146 144 
1965 171 167 163 160 157 154 151 148 
1966 157 153 149 153 157 153 150 147 
1967 Mv 602 167 162 158 154 153 152 152 152 
1968 165 162 159 156 153 152 152 152 
1969 173 170 168 168 168 166 164 162 
Mean  167 164 161 160 158 1 Çb 1 Ç4. 10U l o t JLOZ 
M a x i m u m  183 178 175 172 169 166 1 64- 1 6 9 I U I 
Minimum  157 153 149 152 150 1 Л.Й 1 Ad 1 1 0 i t u I t t 
Diff. ( M a x . - Min.) 26 25 26 20 19 18 18 18 
1960 Mv 40 158 153 150 148 145 142 138 135 
1961 153 148 145 142 139 139 139 137 
1962 166 163 163 158 157 152 151 147 
1963 136 137 132 135 137 132 133 128 
1964 144 137 134 132 130 126 122 120 
1965 162 158 154 149 144 141 138 135 
1966 153 139 135 135 135 137 140 142 
1967 152 149 146 141 137 136 135 134 
1968 143 138 134 135 136 137 138 139 
1969 153 148 144 143 141 141 142 143 
Mean  152 147 144 142 140 138 138 136 
Maximum  166 163 163 158 157 152 151 147 
Min imum  143 137 132 132 130 126 122 120 
Diff. ( M a x . -Min.) 23 26 31 26 27 26 29 27 
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maize produced h igher yields w h e n sown in May, i t gave be t t e r resul ts in 1959 
w h e n sown in t h e middle of Apr i l . Nei ther h y b r i d s with d i f f e ren t vegetat ive 
per iods showed s imi lar t rends w h e n sown in May . On the ave rage of ten years 
t h e yield of the m e d i u m late h y b r i d Mv 1 ( F A O 603) decreased considerably 
a l r eady f rom t h e 5 10th May on , while with t h e medium ear ly Mv 40 (FAO 
340) s ignif icant decrease in the y ie ld occurred on ly on 15 20th M a y . With t h e 
ear l iest t ime of sowing (15 April) y ie lds did not decrease in e i ther of the hybrids 
on t e n years ' ave rage . Between t h e two hybr ids t h e r e was a t e n - y e a r average 
of 13 percent d i f fe rence in yield in f avour of t h e med ium la t e hybr ids . Wi th 
p l a n t s sown la ter these yield d i f ferences general ly decreased as compared to 
t h o s e sown early. 
Table 3 p resen t s the n u m b e r of days b e t w e e n sowing a n d emergence, 
b o t h in a year ly d is t r ibu t ion a n d t e n years ' ave rage . Maximum a n d min imum 
d a t a of m a n y yea r s are useful in giving i n f o r m a t i o n about c u l t u r a l practices 
re la t ive to the emergence of p l a n t s . Differences be tween t h e m a x i m u m a n d 
m i n i m u m data like those b e t w e e n the averages decrease wi th plants 
sown la ter . Month ly averages of a i r t e m p e r a t u r e included in t h e t ab le s are no t 
su i t ab le to point ou t close corre la t ions . They are presented only t o show t h a t 
t e m p e r a t u r e s in Apri l — and m o s t l y in May too during t h e exper imenta l 
yea r s were higher t h a n the 40 -yea r average. 
Thus , earlier sowing was f o u n d to p romote r ipen ing in b o t h hybr ids even 
wi th in the l imits of t h e main t i m e of sowing (15 Apr i l 15 May) , where in t h e 
case of the early hyb r id s no yield difference could be found on t h e average of 
t e n years . This accelerat ing effect of earlier sowing is very i m p o r t a n t from t h e 
p o i n t of view of ha rves t ing . M e d i u m late h y b r id s (of 600 F A O n u m b e r ) when 
s own a m o n t h earl ier (15 April —15 May) r ipen a t t h e same t i m e as medium 
ea r ly hybr ids would r ipen (FAO 300) if sown in t h e middle of M a y (Table 4). 
Conclusions 
Unde r n o r m a l weather cond i t ions in H u n g a r y maize is hos t sown in the 
second half of April . Al though on t h e average of t e n years the a m o u n t of yield 
does no t considerably change b e t w e e n 15 April a n d 5 May w i t h t h e medium 
la te hybr ids (FAO 600) and b e t w e e n 15 April a n d 15 May w i t h t h e medium 
ear ly hybr ids (FAO 300), the expe r imen ta l l y p r o v e d earlier r i p e n i n g of maize 
sown a t an earlier d a t e (15 April) m e a n s a g rea t advan t age w h e n harvest ing. 
T o w a r d s the earliest da te of sowing (15 April) t h e declining e n d of the yield 
cu rve has not been reached ye t . Howeve r , on t h e average of 6 yea r s experi-
m e n t s no t discussed here , sowing a t an earlier d a t e t h a n 15 Apr i l resulted nei-
t h e r in higher yields n o r in earlier r ipening ( I ' s ó 1969). 
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STUDIES ON ABNORMAL GROWTH IN PLANTS 
I . A N A T O M Y O F I N S E C T - I N D U C E D T U M O R S O N T H E 
V E G E T A T I V E P A R T S O F P R O S O P I S S P I C I G E R A L . 
By 
T . M . V A R G H E S E , R . R . S H A R M A 
P U N J A B A G R I C U L T U R A L U N I V E R S I T Y , HISSAR 
T h e infec t ion of t he l a m i n a and rachis of Prosopis spicigera L . b y insects o c c u r s 
in t h e ear l ie r deve lopmenta l s t ages of the o r g a n s , which are t e n d e r a t these s t a g e s . 
The leaf gal ls a re formed d u e t o t h e h y p e r t r o p h y a n d hyperp las ia of mesophyll t i s s u e 
and m e d u l l a r y cells. The f o r m a t i o n of cavi t ies in laminar galls is schizogenous. T h e 
rachia l galls develop due t o t h e act iv i ty of a c o r k cambium, t o g e t h e r with the o r ig in 
of a lys igenous cavi ty. The p r o d u c t i o n of cork c a m b i u m in this ca se is considered t o b e 
inf luenced b y t h e p roduc t ion of cer ta in h o r m o n e s produced due t o t h e in jury of c e n t r a l 
cells. T h e p r o d u c t i o n of galls is beneficial on ly t o t he pa thogen a n d no t to t he h o s t . 
I t is sugges t ed t h a t the u s a g e of suitable insec t ic ides will go a l o n g w a y in the c o n t r o l 
of these t u m o r s . 
Introduction 
The a n a t o m y and m e c h a n i s m of tumor f o r m a t i o n in p l a n t s due to insec t s 
h a v e been s t u d i e d b y a n u m b e r of workers ( M E D L E R 1 9 4 1 , G L A S S 1 9 4 4 , K O M A -
R E K 1 9 4 6 , H O U G H 1 9 5 4 , W E I D N E R 1 9 5 7 ) . M E D L E R ( 1 9 4 1 ) r e p o r t e d the f o r m a -
t ion of h y p e r t r o p h i e d cells character ized b y nuclear e n l a r g e m e n t in p l a n t 
t u m o r s . K O M A R E K ( 1 9 4 6 ) descr ibed the f o r m a t i o n of cork t i s sue and o t h e r 
secondary t i ssues in ash t rees infec ted with insec ts . M A N I ( 1 9 6 4 ) also gave a n 
accoun t of t h e histology of t u m o r s caused b y var ious insects on plants . 
The p r e s e n t s tudy is a cont r ibut ion t o t h e deve lopmenta l ana tomy of 
fo l i a r galls p r o d u c e d by t h e infect ion of Eriophyes prosopidis Saksena a n d 
rachia l galls i n d u c e d by an u n k n o w n chalcid i n sec t (cf. M A N I 1 9 6 4 ) on Prosopis 
spicigera L. , a common tree g r o w n on semi-arid regions of I n d i a . 
Material and Method 
The m a t e r i a l u sed for the p r e s e n t s tudy was co l l ec ted a t Hissar a n d includes the n o r m a l 
p l a n t pa r t s of Prosopis specigera a n d galls produced on t h e m . Leaf galls w e r e collected in Apr i l , 
M a y and J u n e a n d r ach ia l galls in M a y and June a t H i s s a r (India). T h e m a t e r i a l collected a t 
d i f f e ren t s tages of deve lopment w a s f i x e d in F .A.A. , d e h y d r a t e d a n d e m b e d d e d in p a r a f f i n 
b y m e a n s of t h e c u s t o m a r y m e t h o d u s i n g xylene as c l e a r i n g agent. 8 —15 p. th i ck long i tud ina l 
a n d cross-sections of t h e normal o r g a n s and galls w e r e cu t . The sec t ions were stained w i t h 
sa f r an in - fa s t green combinat ion b y t h e usual m e t h o d (JOHANSON 1940). I n addit ion, l e a v e s 
were cleared b y u s i n g Foster ' s t e c h n i q u e (FOSTER 1946) t o learn the p o s i t i o n of galls in r e l a t i o n 
t o veins . 
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Results 
Fol ia r galls. The fo l i a r galls on Prosopis spicigera induced hy Eriophyes 
Prosopidis Saksena a p p e a r in the first week of April, t h i r d week of J u n e and 
a t the beg inn ing of Oc tobe r . The galls a r e of greenish co lou r and show v a r y i n g 
shapes a n d dimensions. T h e number of galls on a leaf m a y vary f r o m one to 
Fig. 1. Leaf c lear ing showing t h e development of galls . x l 6 7 
Fig. 2. Leaf c lear ing showing t h e development of galls. X 167 
Fig. 3. T r ansec t i on of a gal l a t the margin of l ea f . X 167 
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t w e n t y and m a y be fo rmed on leaf lamina or on the mid r ib . I t has been n o t e d 
t h a t the galls h a v e a de f in i t e relation to m i d r i b or a s u b s i d i a r y vein w i t h o u t 
exception, a t l eas t one ve in be ing involved in t h e format ion of a gall (Figs 1, 2). 
Ins tances where t h e ent i re leaf has conver ted into galls a re also not rare . 
Fig. 4. D e v e l o p m e n t a l s t ages of leaf galls, (he = hype r t roph ied cell) XÓ21 
Fig. 5. Deve lopmen ta l s tages of leaf galls. X l 6 7 
Fig. 6. Deve lopmen t of l a r v a l cavities in t h e foliar gall. (1 = locule) X 167 
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A c o m p a r a t i v e s t u d y h a s been p e r f o r m e d between t h e s t ruc ture of a 
normal leaf a n d the galls. T h e cross-section of a n o r m a l leaf shows a un i -
layered ep idermis consisting of cells wi th a da rk subs tance , probably t a n n i n 
content . T h e s t o m a t a are p r e s e n t on b o t h sides of the leaf and are s u n k e n in 
depressions f o r m e d by the e leva ted and colourless subsidiary cells. The pa l i s ade 
t issue is p r e s e n t on both s ides . On the dorsa l side, the pa l i s ade is normal ly one 
or rarely two- layered, while on the ven t ra l s ide its n u m b e r varies f rom t w o t o 
three . Some leaves lack a pal isade t issue on their dorsa l side. The p a l i s a d e 
pa renchyma m a y or may n o t b e present a t t h e portion of t h e bundle and in t h e 
la t te r case t h e i r place m a y b e occupied b y more or less compact ly a r r a n g e d 
mesophilous pa renchyma . T h e leaves show t h e charac ter i s t ic bifacial a r r a n g e -
men t of t h e x y l e m which is arc-shaped, w i t h the p r o t o x y l e m facing t o w a r d s 
t h e ven t ra l s ide and the m e t a x y l e m t o w a r d s the dorsal s ide . A few l aye r s of 
p a r e n c h y m a t o u s cells are p r e s e n t between t h e arm of t h e x y l e m . An i n c o m p l e t e 
bundle s h e a t h composed of t h i c k walled cells which is f u r t h e r enveloped b y a 
single layer of th in walled p a r e n c h y m a t o u s cells with or w i t h o u t greyish con-
ten t s is f o u n d on either f a c e of the bund le . 
The leaf galls may be e i the r bifacial or radial . The f o r m e r is formed b y t h e 
act ivi ty of cells on one face of t h e leaf only a n d the la t ter b y the i r equal a c t i v i t y 
on both faces . I n either case t h e vascular bund l e expands on the la te ra l sides 
b y the r a p i d divisions a n d enlargement of p a r e n c h y m a t o u s cells be tween t h e 
arms of t h e x y l e m tissue. Cells of the mesophy l l tissue in t h e region of t h e ve ins 
where the galls develop b e c o m e h y p e r t r o p h i e d and possess greyish c o n t e n t s 
(Figs 3 5). T h e cells b e c o m e irregular i n shape and t h e cell walls become un-
evenly t h i c k . T h e thickness of the inner b u n d l e sheath ge t s reduced. T h e cells 
of both th i s a n d the outer t i ssue unde rgo rap id divisions t o give rise t o 4 — 5 
layers of cells (Figs 4, 5). T h e epidermal cells on either s ide a t t a in radial e longa-
t ion. The x y l e m pa renchyma between t h e vessels also u n d e r g o divisions b u t at 
a slow r a t e . 
The ep idermal cells a t some places unde rgo rapid division, mos t of t h e 
cells conta in t a n n i n (Fig. 3) a n d the cell-walls show a s t r i a t e d appearance . I t is 
also noted t h a t the ep ide rma l cells n o r m a l l y enlarge t w o to three t i m e s t h e 
original size in a radial di rect ion. The mesophyl l cells below the ep ide rmis 
undergo r a p i d division b o t h in a longi tudina l and a t r a n s v e r s e direction, fo rm-
ing a c o m p a c t l y arranged t issue composed of 3 6 l aye r s of cells (F ig . 5). 
The cells of mesophyll are f i l led with a d a r k content , p r o b a b l y tannin (F ig . 6). 
Below these tissues, t h e r e are g r o u p s of p rosenchymatous cells wh ich 
form a d iscont inuous rose coloured l a y e r , when s t a ined wi th s a f a r an in . In 
some leaf gal ls , thick wal led cells present on either side of t h e vascular bund l e s 
are pushed a p a r t and t h e indiv idual cells show a large n u m b e r of pits. T h e leaf 
gall is t r a n s v e r s e d with v a s c u l a r supply o n all sides a t t h e young s tage . T h u s 
the young gal l a t tains a r a d i a l symmet ry comparable t o t h e stem. In a t r an s -
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verse section t h e vascular bund le s are a r ranged in a ring and t h e cells be tween 
t h e vascular a n d t h e central p a r e n c h y m a t o u s t i s sue enclosed ins ide the vascu la r 
t i s sue undergo b o t h h y p e r t r o p h y and hyperp las ia . 
A proper pe r ide rm f o r m a t i o n was no t observed bu t in a few ins tances 
cells resembling cork in a r r a n g e m e n t , were obse rved . Their genera l appearance 
Fig. 7. Deve lopmen t of l a rva l cavities in t he fol iar gall, ( l a 2 l a rvae ) X 167 
Fig. 8. Pre l iminary s tage in the d e v e l o p m e n t of ostiole. X 621 
Fig. 9. La rva l cavi ty t o g e t h e r with the ostiole. (os = ostiole) x l 2 7 
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suggests fo rmat ion f r o m t h e regular division of p a r e n c h y m a t o u s cells outs ide 
the v a s c u l a r bundles r a t h e r than f r o m a phellogen (Fig. 7). 
T h e central p a r e n c h y m a t o u s cel ls enlarge considerably p e r h a p s due to 
l iyperp lasy . The s u b s e q u e n t en l a rgemen t causes p r o d u c t i o n of cavi t ies due to 
the s e p a r a t i o n of cells f r o m each o t h e r and the d is in tegra t ion of some of the 
cells a t a l a te r stage (Figs 6, 7). The en l a rgemen t of galls is accompanied b y an 
increase in the n u m b e r of cavities. T h e dissolution of the septa b e t w e e n the 
ca \ i t i e s gives a lobed conf igura t ion t o t h e la t ter (Fig. 7). Each cav i ty opens to 
the ex t e r i o r by a n a r r o w ostiole. B o t h l a rvae and eggs were observed in these 
cavit ies. I n a mature gall the ep idermal cells get l a t e ra l ly ex tended due to the 
eno rmous en largement of t h e galls a n d t h e contents show a s t r ia ted appea rance . 
The t i ssue below t h e epidermis has t w o dis t inct regions: an outer region consist-
ing of a few layers a n d an inner region composed of c o m p a c t l y a r r a n g e d cells. 
The c e n t r a l cavity, s e p a r a t e d by p a r e n c h y m a t o u s s e p t a is occupied b y larvae. 
E a c h leaf gall h a s an ostiole w h i c h opens outs ide . Ostiole in i t i a t e s below 
one of t h e s tomata l a p e r t u r e s and a t t h e region where it develops, t h e meso-
phyll cells undergo r a p i d division (Fig . 8). The ostiole is nar row in t h e middle 
and wide a t both sides a n d surrounded, b y narrow e longated cells (Fig. 9). 
T h e n u m b e r of galls in a leaf in a single t r a n s v e r s e row (b read thwise ) 
may v a r y f rom one t o several . These galls may r e m a i n separa te (Fig . 10) or 
may f u s e b y the l a te ra l sides to f o r m a composi te gall . Normal ly in a composi te 
gall t h e s t ruc tu re of t h e individual gall remains t h e same, the t w o a d j a c e n t 
galls be ing separa ted b y p a r e n c h y m a t o u s cells w i t h a dark subs t ance . The 
sep ta a re developed f r o m the ep idermis as well as t h e mesophyll of t h e leaf. 
The ost ioles are i n d e p e n d e n t in each c o m p o n e n t of t h e composi te gall. Ins tances 
w h e r e t h e whole leaf is conver ted i n t o a gall are no t r a r e . 
T h e s t ruc ture of t h e gall f o r m e d a t the apex of t h e leaf is v e r y di f ferent 
f rom t h o s e formed a t t h e laminar p o r t i o n (Fig. 11). T h e s e galls are m o r e or less 
globular . A number of cavit ies are a r r a n g e d a r o u n d a common cen t re while the 
centra l region itself deve lops a schizogeneous cavi ty w i th rad ia t ing a rms . Each 
arm of this central c a v i t y is normal ly a l t e rna te wi th t h e outer cavi t ies . A clear 
radial s y m m e t r y is an ou t s t and ing f e a t u r e in such galls. Scler i form cells are 
present in separate g r o u p s on the pe r iphe ra l region a n d also a round t h e centra l 
par t a n d t h e schizogeneous cavi ty in t h e centre is s u r r o u n d e d by a well def ined 
ep i the l ium. 
R a c h i a l gall. T h e rachial galls a re in i t ia ted a t t h e middle of M a y and at 
the beg inn ing of Oc tobe r . In compar i son wi th t h e leaf galls the galls on the 
petiole a re hard and dul l brown in colour and are n o r m a l l y oblong, g lobula r or 
p ipe t t e shaped . The pe t io le galls m a t u r e in the last week of J u n e . T h e f o r m a t i o n 
of r ach ia l galls is r educed to a m i n i m u m at the beg inn ing of J u l y . 
I n a normal pe t io le the epidermis consists of a single layer of cells. The 
cort ical l ayer is compr ised of a t ann in i f e rous outer t i s sue (2), one or t w o layers 
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of p a r e n c h y m a t o u s cells (3), sc le renchymatous tissue consis t ing of 2 3 layers 
of cells deep ly s ta ined w i t h safranin a n d (4) one or t w o layers of p a r e n c h y m -
atous cells. Phloem is p r e sen t in t h e f o r m of a ring r o u n d the x y l e m t issue. 
The v a s c u l a r tissue is e n d a r c h . The p i t consists of t h i n walled p a r e n c h y m a t o u s 
cells w i t h a few in t e r spe r sed sc le renchymatous cells (Fig . 12). 
Fig. 10. Two galls f r o m a single leaf. X 127 
Fig. 12. Transection of a normal rach is . x l 2 7 
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During t h e gall fo rma t ion , t h e p a r e n c h y m a t o u s cells of t h e cortex be low 
t h e t ann in i fe rous layer enlarge a n d divide to f o r m a number of l ayers composed 
of p a r e n c h y m a t o u s cells. Ou t of these, t he cells one or two l aye r s below t h e 
o u t e r tissue ge t conver ted in to phellogen. T h e cells of the phel logen cut off one 
o r two layers of phellem outs ide and a layer of phelloderm ins ide (Figs 13, 14). 
T h e thick wa l led cells are m a i n l y conver ted i n t o stone cells a n d get dispersed 
in the p a r e n c h y m a t o u s t issue (Fig. 15). The p a r e n c h y m a t o u s cells of the p i t h 
Fig. 13. The s t a g e s in the secondary growth of i n fec t ed petiole, (со = co rk ; p = phe l lem; 
p g = phellogen) x 6 2 1 
Fig. 14. T h e stages in t h e secondary g rowth of infected petiole. X l 2 7 
Fig. 15. T issue a round the cav i ty , (lc = lysigenous cav i ty ; sc = s tone cells) x 6 2 1 
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enlarge considerably and d iv ide a t a rapid r a t e . T h e xylem p a r e n c h y m a b e t w e e n 
t h e vessels get divided m o s t l y in a radial di rect ion. The i n n e r walls of cells 
ad j acen t to phe l loderm are suberised. The r a p i d i n f l ama to ry growth of t h e gall 
resul ts in t h e product ion of lenticels due t o t h e breaking of the epidermis . 
However , t h e r e is no cork c a m b i u m benea th t h e lenticel. 
Fig. 16. Mul t i locu la r petiolar gal l w i t h accumula t ion of t ann in like s u b s t a n c e in cells (lo = 
locule) X 127 
Normal ly a single c e n t r a l cavity is f o r m e d in the pe t io le gall due t o t h e 
dis integrat ion of the m e d u l l a r y region. T h e p a r e n c h y m a t o u s cells a round t h e 
cavi ty unde rgo rapid pericl inal divisions g iv ing rise to l a t e ra l ly elongated cells 
arranged in regular layers which form a b o u n d a r y to t h e centra l cav i ty . A t 
m a t u r i t y t h e galls open ou t s i de by means of an ostiole. 
Presence of mul t i locular racliial galls is no t u n c o m m o n in Prosopis (F ig . 
16). In one of such galls one small and t w o larger cavities were noted. A t t h e 
uppe r por t ion t h e a m a l g a m a t i o n of one of t h e cavities w i t h an other gave rise 
t o a bi locular condit ion, each locule h a v i n g a lobed appea rance . One of t h e 
cavities opened f i rs t by an ostiole with zig-zag margin. T h e out l ine of t h e c a v i t y 
suggested t h e i r schizogenous origin, a l t hough t h e exact deve lopment could n o t 
h e s tudied. Pe r ide rm was n o t found in t h e a b o v e gall. The subepidermal c o r t e x 
was 2 4 l aye red and was f i l led with t a n n i n . The vascular t issue was f o u n d to 
t raverse below this t issue. Ins ide the v a s c u l a r tissue w a s t h e ground t i s sue 
most ly f o r m e d b y cells w i t h granular c o n t e n t s followed b y t h e innermost l aye r 
of p a r e n c h y m a t o u s cells. T h e cavity w a s del imited b y regularly a r r a n g e d 
p a r e n c h y m a t o u s cells which fo rm an " e p i t h e l i u m " like l a y e r . 
Discussion 
The t u m o r o u s g rowth in the l amina is caused b y Eriophyes prosopidis 
while the casua l organism t h a t induces t h e abnormal g r o w t h in the r ach i s is 
an unknown Chalcid insect ( M A N I 1 9 6 4 ) . T h e growth p a t t e r n t ha t follows a f t e r 
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infection in t he se two o r g a n s is cons iderab ly different . T h e format ion of galls 
in the l a m i n a is due to t h e h y p e r t r o p h i e d growth of t h e mesophyl lous cells 
followed b y the i r rapid r a t e of division accompanied b y the f o r m a t i o n of 
schizogenously formed air spaces, in w h i c h the la rvae pass their s t a g e s of 
deve lopment . T h e change in the s y m m e t r y of the b u n d l e f r o m a b i fac ia l t o a 
radial one is a n in teres t ing f ea tu re in t h e development of laminar galls, which 
probably sugges ts the p o t e n t i a l i t y of t h e leaf for express ing cauline charac -
teristics a t l eas t in special s i tuat ions . 
The f o r m a t i o n of r ach ia l galls is d i s t i n c t from t h a t of the l amina r ones. 
In the f o r m e r t h e en la rgement is par t ly d u e t o the ac t iv i ty of the cork c a m b i u m 
which f u n c t i o n s for a shor t while resul t ing in the p roduc t ion of a small a m o u n t 
of per iderm. T h e rachial gall moreover is "un i l ocu l a r " a n d t h e cavity is lys igen-
ous in origin. T h e surface of the rachial galls is rough, d u e to the p r o d u c t i o n 
of a cork. 
I t will b e recalled here t h a t the p r o d u c t i o n of cork c a m b i u m in t h e rach ia l 
gall wliicli is responsible fo r a secondary g r o w t h in this o r g a n is a f ea tu re devel-
oped unde r t h e influence of t h e insect. I t is possible t h a t t h e p roduc t ion of 
phellogen is in some way connected w i t h cer ta in wound hormones p r o d u c e d 
due to t h e i n j u r y of t h e cen t r a l t issue du r ing the f o r m a t i o n of lys igenous 
cavities in t h e rachis, which migrates t o t h e outer t issues, comparable t o t h e 
product ion of per iderm in w o u n d healing in dicots. As a l r e a d y pointed o u t t h e 
cells a d j a c e n t t o the c a v i t y in the rachis undergo r ap id periclinal d iv is ions 
result ing in t h e product ion of a few layers of cells fo rming an epi the l ium like 
tissue. The divis ion of cells m o s t p robably is inf luenced b y t h e wound h o r m o n e s 
produced b y t h e breaking of t h e cells in t h e medul lary reg ion . However , such 
a conclusion requires f u r t h e r inves t iga t ion including t h e physiological and 
biochemical aspec ts of gall fo rmat ion . 
I t seems t h a t the f o r m a t i o n of galls in Prosopis is in no way bene f i c i a l 
to the p l an t h u t it benef i t s t h e casual o r g a n i s m in two w a y s namely b y g iv ing 
a locus to comple t e its life cycle and b y providing n o u r i s h m e n t d u r i n g t h e 
deve lopment . 
I t is n o t k n o w n so f a r whe the r the p r o d u c t i o n of t h e gall is due to c e r t a i n 
secretions b y t h e insects or d u e to the g r o w t h s t imula t ing subs tances p r o d u c e d 
b y the p l a n t t issues as a de fence m e c h a n i s m . Elabora te inves t igat ion in t h i s 
direction will be beneficial fo r u n d e r s t a n d i n g the mechan i sm of t umor f o r m a -
t ion. At t h e s a m e time a possible means of checking t h e gal l format ion in t h e 
p l an t may b e suggested b y spraying it w i t h suitable insect icides du r ing t h e 
init ial s tage of insect infec t ion i.e. at the beg inn ing of Apri l , J u n e and O c t o b e r 
in case of fo l i a r galls, and a t t h e middle of M a y or the beg inn ing of Oc tobe r in 
case of rach ia l galls. A s t u d y in this d i rec t ion is in progress . 
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EFFECT OF TIME AND DEPTH OF NITROGEN 
APPLICATION ON GROWTH AND YIELD OF RICE 
B y 
N G U Y E N V A N U Y E N 
D E P A R T M E N T OF P L A N T P H Y S I O L O G Y , A G R I C U L T U R A L R E S E A R C H I N S T I T U T E , H A N O I 
T h e n i t rogen r e q u i r e m e n t of t he r i c e p l a n t has a c o n t i n u o u s c h a r a c t e r . D e e p 
p l a c e m e n t of n i t rogen , b e s i d e i ts p r e v e n t i n g e f f e c t on the loss of n i t rogen f r o m w a t e r -
logged-soi l following Pea r sa l l -Mi t su i m e c h a n i s m , also sat isf ies t h e n i t rogen r e q u i r e m e n t 
of t h e r i c e p l a n t in its l a t e r p h a s e of g r o w t h . A 20 — 25% i n c r e a s e in yield was o b t a i n e d 
as c o m p a r e d t o the s u r f a c e shallow p l a c e m e n t m e t h o d . 
Introduction 
In r e c e n t years, t h e nut r i t ional phys io logy of t h e rice plant h a s been 
studied in de ta i l ( M I T S U I 1 9 6 0 , T A N A K A 1 9 6 1 , OSHIMA 1 9 6 2 , ISHIZUKA 1 9 6 3 ) . 
Knowledge on t h e nu t r i en t requi rement of r ice a t different phases of g r o w t h a n d 
deve lopment has considerably c o n t r i b u t e d to the e labora t ion of e f f i c i en t 
methods of n i t rogen appl ica t ion in the r ice growing p r a c t i c e . 
As severa l authors h a v e reported ( P E A R S A L L 1 9 5 0 , R A M I A H et al. 1 9 5 1 , 
M E N Ő N 1 9 5 7 , A B I C H A N D A N I P A T N A I K 1 9 5 8 , P R E T T E N H O F F E R 1 9 5 9 , M I T S U I 
1960) deep p lacement of a m m o n i u m s u l p h a t e for rice is an effective m e t h o d 
for p r e v e n t i n g t h e loss of n i t rogen in water logged soil. T h e large inc rease in 
rice yield o b t a i n e d by th i s me thod directs t h e a t tent ion of p l an t physiologis ts 
to this p r o b l e m . This p a p e r summarizes o u r invest igat ions on the n i t rogen nu-
tr i t ion of t h e rice plant in connect ion w i t h t h e physiological effects of n i t r o g e n 
deep p l a c e m e n t . 
Material and Method 
Fie ld e x p e r i m e n t s were c a r r i e d out on 40 m 2 p l o t s in four fo ld rep l ica t ions , u s i n g s t a n d -
a r d rice g r o w i n g techniques . B e f o r e t r a n s p l a n t a t i o n , s u p e r p h o s p h a t e a n d po t a s s ium c h l o r i d e 
were app l i ed a t t h e r a t e of 40 k g / h a of P 2 O s a n d 40 k g / h a of K 2 0 . F o r d e e p p l a c e m e n t , a m m o -
n i u m s u l p h a t e w a s mixed w i t h o r d i n a r y soil a t t h e r a t i o of 1 : 10. T h e a p p r o p r i a t e a m o u n t 
of wa te r w a s a d d e d , and ha l l f e r t i l i z e r s of 15 — 20 g we igh t were p r e p a r e d f rom th i s m i x t u r e . 
T h e bal ls w e r e a l lowed to d r y a n d t h e n appl ied i n t h e r ice field b y i n s e r t i n g t h e m in t h e m i d d l e 
of f ou r hi l ls , a t t h e r a t e of 60 k g N / h a , wi th in o n e w e e k af ter t r a n s p l a n t a t i o n . I n t h e c o n t r o l 
p lo t , a m m o n i u m su lpha te in p o w d e r fo rm w a s a p p l i e d as basic a p p l i c a t i o n on t h e s u r f a c e 
one day b e f o r e t r a n s p l a n t a t i o n . P l o t s were w e e d e d w i th r o t a t o r y weeders or b y h a n d . 
Insec t ic ide ( 6 6 6 ) was appl ied t w i c e a t the r a t e of 30 kg /ha to p r e v e n t t he a t t a c k o f s t e m 
borer . A f t e r t r a n s p l a n t a t i o n , t h e f i e ld was k e p t f l o o d e d un t i l t h e r i p e n i n g stage. 
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Pots w i t h dimensions of 20 x 2 0 x 2 0 cm w e r e used in greenhouse experiments. E a c h 
contained 15 k g soil obtained f r o m fur row slice of p a d d y fields of t h e V a n dien E x p e r i m e n t 
Sta t ion . Supe rphospha t e and p o t a s s i u m chloride w e r e applied before t r ansp lan ta t ion a t t h e 
r a t e of 0.1 g P 2 0 5 and 0.1 g K 2 0 p e r kg dry soil. N i t r o g e n was app l i ed a t various d e p t h s as 
bal l fertilizer or concent ra ted l a y e r s were formed f r o m the fertilizer a t t h e rate of 0.2 g p e r 
k g dry soil. 
Water c u l t u r e exper imen t s were carried o u t in pots of the s a m e size, using K a s u g a i 
solution as a n u t r i t i o n a l m e d i u m (NAGAI 1958). 
P h o t o s y n t h e t i c act ivi ty of t h e whole p l a n t w a s measured b y a t i t rat ion m e t h o d 
(POTSINOK 1960) a t 30° С and 6000 lux. Nitrogen c o n t e n t was d e t e r m i n e d by the K j e l d a h l 
method . 
Results and Discussion 
Nitrogen absorpt ion a n d the effect on rice yield of n i t rogen shor tage a t 
different g r o w t h phases were studied in greenhouse exper iments in w a t e r 
culture, and soil culture. R i c e varieties g r o w n in Nor th V i e t n a m in d i f f e r e n t 
agricultural seasons (spr ing-crop, a u t u m n - c r o p , s u m m e r - a u t u m n crop) w e r e 
used. A s u m m a r y of these exper iments is g i v e n in Tables 1 a n d 2. 
The r ice p l a n t absorbs m o s t of its n i t r o g e n in the t i l le r ing and ear f o r m a -
t ion stage. T h i s is in line w i t h earlier works ( T O G A R I — M A T S U O 1 9 6 2 , T A N A K A 
et al. 1 9 6 4 , R E Y E S et al. 1 9 6 2 ) . 
Details a b o u t the e f f ec t of nitrogen dress ing at d i f f e r e n t times w i t h i n 
t h e tillering s t a g e are given in Table 3. Ti l ler number increased rapidly if t h e 
whole a m o u n t of ni t rogen w a s applied at t h e beginning of t h e tillering s t a g e 
(7 days a f t e r t r a n s p l a n t a t i o n ) . However, t h e n u m b e r of t i l lers de ter iora ted a t 
t h e end of t h e tillering s t age was also high a n d this r e su l t ed in a low n u m b e r 
of panicles. B e s t results w e r e a t ta ined w i t h t h e same a m o u n t of n i t rogen b y 
dividing the fer t i l izer into t w o par t s , one a p p l i e d at the beg inn ing and the o t h e r 
a t the end of t h e tillering s t a g e . As shown in T a b l e 3, this f avourab le effect w a s 
due to an inc rease in panicle number . I t is c lear tha t unde r no rma l condi t ions , 
t he rice p l a n t requires a c e r t a i n amount of n i t rogen at t h e e n d of the t i l l e r ing 
s tage to enab le i ts p re fo rmed tillers to deve lop fully and t o become e f f ec t ive . 
As reported b y several a u t h o r s ( B A B A 1954, I S H I Z U K A T A N A K A 1963) t h e 
Table 1 
Nitrogen absorption by the rice plant in various phases of growth 
Seedling 
P h a s e 
i Ear 
Tillering formation R ipen ing 
Absolute a m o u n t absorbed (mg N / p l a n t ) 37.4 86.2 155.1 25.3 
(%) 12.3 28.3 51.0 8 .3 
Absorption r a t e ( m g N/p l an t /day ) ' 0.7 4.3 3.9 0.7 
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nitrogen absorp t ion capac i ty of the root s y s t e m of rice in t h e tillering s t a g e is 
very high. A single appl ica t ion of a large a m o u n t of read i ly available n i t r o g e n 
a t the beg inning of this s t age certainly leads t o an excess of n i t rogen abso rp t ion . 
Especially, as repor ted b y O k a (OKA 1956), t h e indica r ice varieties a b s o r b 
Table 2 
Effect of nitrogen shortage on rice yield in various phases of growth 
Phase 
Experiment condi t ions 
Seedling Tillering 
Ear 
formation 
Spring crop (water cu l ture) 
Control  100.0* 100.0 100.0 
N shortage  63.5 0.0 42.7 
A u t u m n crop (soil cu l ture) 
Control  100.0 100.0 100.0 
N shortage  82.3 73.7 90.0 
S u m m e r - a u t u m n crop (soil culture) 
Control  100.0 100.0 100.0 
N shortage  93.2 75.2 84.2 
* Yield expressed on a pe rcen tage basis 
Table 3 
The effect of nitrogen application at different times 
within the tillering stage on rice yield and growth 
T r e a t m e n t 
Grain yield 
kg/ha % 
Panicle 
/ m* 
M e a n tillering 
ra te* 
t i l ler/m s 
Mean de te r io ra t -
ing r a t e * * 
ti l ler/m» 
Control . . . . 2820 ± 72 100 266 27.6 10.8 
30 kg N/ha , beginning of TS*** . . . 3090 ± 55 109 274 37.2 14.4 
15 kg N/ha , beginning of T S J - 3260 ± 61 116 324 33.0 6.0 
15 kg N/ha , middle of TS- f 
15 kg N/ha , beginning of T S 3420 ± 80 121 324 33.0 6.0 
15 kg N/ha , end of TS 
* n u m b e r of new t i l lers per m2 in 3 d a y in tervals 
** n u m b e r of de te r io ra ted tillers a t t he e n d of the t i l ler ing stage per m2 in 3 -day 
in te rva l s 
*** TS : tillering s tage 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
3 1 4 N G U Y E N V A N U Y E N 
nitrogen m u c h more in tens ive ly than t h e j apon ica variet ies . Table 4 i l lus t ra tes 
t h e results of one of our expe r imen t s p e r t a i n i n g to this p r o b l e m . 
Detai ls abou t the e f f ec t of n i t rogen dressing a t d i f f e ren t t imes w i t h i n 
t h e ear f o r m a t i o n stage a re given in T a b l e 5. 
As c o n f i r m e d by th is exper iment , as well as by t h o s e ment ioned a b o v e , 
t h e n i t rogen requi rement of the rice p l a n t lias a " c o n t i n u o u s " c h a r a c t e r . 
Table 4 
Nitrogen absorption capacity of different rice varieties* 
mg/p lan t /day 
Varieties P h a s e of growth 
Seedling Tillering 
E a r 
f o r m a t i o n 
В a zang (local va r i e ty , indica)  
1088 (originated f r o m Taiwan, j apon ica )  
0.56 
0.45 
18.4 
12.3 
15.5 
19.7 
* w a t e r cul ture expe r imen t 
Table 5 
The effect of nitrogen dressing at different times 
within the ear formation stage on rice yield and growth 
Time of n i t rogen application 
Yield 
kg/ha % 
Panicle/ 
m* 
Fil led grain / 
panicle 
100 grain weight 
g 
Control  3000 ± 90 100 256 69 18.6 
Flower d i f fe ren t i a t ion  3200 ± 62 106 274 82 18.3 
Flower d i f fe ren t i a t ion + Meiosis . . 3360 ± 73 111 280 83 18.9 
Table 6 
The effect of different methods of nitrogen application on rice yield and growth, 
T r e a t m e n t 
Control  
Shallow appl ica t ion 
Mixing with soil 
Bal l fertilizer  
g / P o t 
5 4 
1 2 4 
1 3 3 
1 3 6 
% 
100 
227 
245 
250 
Grain 
g/pot I % 
42 ± 0.7 
69 ± 1.5 
75 ± 1.9 
86 ± 1.6 
100 
164 
178 
203 
Maximum 
tiller number 
(pot) 
22 
43 
45 
45 
Pan ic l e 
(po t ) 
1 7 
3 7 
3 7 
4 2 
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Signif icant increase in r ice yield was obtained b y n i t rogen appl ica t ion (in 
pa r t i cu l a r b y leaf s p r a y i n g ) even a f t e r heading. 
I n con t ras t to i t s r equ i remen t in phosphorus a n d po tass ium t h e rice p l a n t 
does r equ i re nitrogen in i ts compara t ive ly later s tages of growth as well. The 
Table 7 
The effect of different methods of nitrogen application 
on the nitrogen absorption of the rice plant 
T r e a t m e n t 
N 
Gra in 
% 
Straw 
% of nitrogen 
utilized* 
Control  0.90 0.30 — 
Shallow appl ica t ion . . . 1.02 0.40 41.3 
Mixing w i t h soil  1.10 0.57 64.8 
Ball fer t i l izer  1.26 0.73 95.3 
* compared with t h e a m o u n t of n i t rogen applied 
high solubi l i ty of a lmos t all common n i t rogen fert i l izers and the h e a v y absorp-
t ion of n i t rogen by t h e r o o t system of r ice in the t i l le r ing stage m a k e i t impos-
sible for rice growers t o app ly the whole amount of n i t rogen needed fo r the 
normal g rowth and deve lopmen t of t h e rice p lant as a basic fer t i l izer . The 
T a b l e 8 
The effect of nitrogen applied as layers at different depths 
on the growth and yield of the rice plant* 
Treatment 
cm 
Gra in yield Leaf a rea 
cm 2 /po t 
N content 
% 
Photosynthes is r a t e 
m g C02 /hour/pot 
0 33.2 ± 0.8 6 330 1.0 8.7 
5 36.2 ± 1.2 8 810 1.4 9.2 
10 39.2 ± 1.8 10 800 1.8 11.4 
15 43 .3 ± 0.9 10 650 2.1 10.8 
* Measurements were car r ied out 5 d a y s before head ing 
division in to several p o r t i o n s of t h e necessary a m o u n t of ni t rogen a n d its 
repeated applicat ion in p o w d e r form on t h e soil su r face , are labor- a n d t ime-
consuming procedures. I n addi t ion, t h i s application m e t h o d results in t h e loss 
of a g rea t amoun t of n i t r o g e n in molecular form, as r e p o r t e d by t h e Pearsa l l 
and Mitsui schools ( P E A R S A L L 1 9 5 0 , M I T S U I 1 9 6 0 ) . 
D u e t o these d i f f icul t ies , the idea of applying n i t r o g e n deep, in ba l l fo rm, 
came in to existence i n d e p e n d e n t l y in several countr ies , where in tens ive l and 
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m a n a g e m e n t c u s t o m s were p r a c t i s e d . Well be fo re the pub l ica t ion of the work 
of Pearsal l and Mitsui , wi thout a n y connect ion w i th the J a p a n e s e agricul tural 
exper ience , V i e t n a m e s e peasan t s prac t i sed t h e ba l l fertilizer t e c h n i q u e in m a n y 
regions . Old m e n a n d children w e r e charged w i t h t h e p roduc t i on of ball fer t i -
l izer f rom a m m o n i u m sulphate p o w d e r and o rd ina ry soil. 10 t o 15 days a f t e r 
Table 9 
The effect of different methods of nitrogen application on rice yield 
( F i e l d expe r imen t ) 
T r e a t m e n t 
Yield Panicle Gra in / 1000 grain 
kg/ha % m ! panicle weight, g 
C o n t r o l  2175 ± 70 100 280 71 19.5 
S h a l l o w appl ica t ion  2630 ± 130 121 313 84 19.8 
M i x i n g b y using w e e d e r  2770 ± 85 128 316 85 19.4 
B a l l fertilizer  3020 ± 90 139 320 89 20.0 
t r a n s p l a n t a t i o n these halls were inser ted in t h e middle of each group of f o u r 
hi l ls , exactly as described by Mi t su i in J a p a n ( M I T S U I 1960). T h e high efficiency 
of th is me thod m a d e it become widespread wi th in a very s h o r t t ime . 
Table 6 a n d 7 show the r e su l t s of a greenhouse expe r imen t on the effect 
of different m e t h o d s of n i t rogen appl icat ion on growth, y ie ld and ni t rogen 
absorp t ion of t h e rice plant . I n T a b l e 8, results of a similar e x p e r i m e n t in which 
a m m o n i u m s u l p h a t e was l aye red a t different d e p t h s are p r e s e n t e d . 
The h ighes t yield was o b t a i n e d when n i t rogen was appl ied a t the deepest 
l a y e r . The f a v o u r a b l e effect of deep p lacement of ni trogen can b e explained b y 
t h e increased leaf area, increased ni t rogen con ten t of t h e leaf tissue a n d 
increased pho to syn the t i c a c t i v i t y during head ing . Similar r e su l t s obtained in 
f i e l d exper iments , in which t h e mixing of a m m o n i u m su lpha te was per formed 
b y using a r o t a t o r y weeder a re i l lus t ra ted in Tab le 9. 
In Ind ia , M E N O N ( 1 9 5 7 ) r e p o r t e d a 4 0 pe r cent increase in rice yield as a 
r e su l t of n i t rogen deep p l a c e m e n t . In H u n g a r y , P r e t t e n h o f f e r ( P R E T T E N H O F -
FER 1959) conc luded tha t up t o a dep th of 15 cm, the deeper t h e appl icat ion of 
a m m o n i u m s u l p h a t e , the h igher t h e yield. Similar results were repor ted in t h e 
U n i t e d Sta tes ( M I K K E L S E N F I N F R O C K 1 9 5 7 ) a n d J a p a n ( M I T S U I 1 9 6 0 ) , t oo . 
Deep p l a c e m e n t gives r ise t o a long las t ing effect of n i t rogen t h a t is 
f avourab le fo r t h e pho to syn the t i c ac t iv i ty a n d dry m a t t e r accumula t ion of 
t h e rice p lan t , in i ts later phase of growth. The i m p o r t a n t c o n t r i b u t i o n of pho to -
synthes is a f t e r head ing has b e e n emphasized a l ready in earlier works ( S U D Z U K I 
1958, T E N G 1963). 
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As fa r as we know, no a t t e m p t has been m a d e to mechan ize nitrogen ba l l 
ferti l izer p roduc t ion and appl ica t ion . Some t y p e s of slowly avai lable n i t rogen 
fert i l izer have been suggested. Ano the r me thod is t o insert a m m o n i u m s u l p h a t e 
powder in a deep soil layer b y apply ing it be fo re t h e last h a r r o w i n g and t hen t o 
f lood the field as soon as possible ( M I T S U I 1956, P R E T T E N H Ô F F E R 1959). E l a b o r -
a t ing a sui table m e t h o d of n i t rogen applicat ion which a d e q u a t e l y satisfies t h e 
ni t rogen requ i remen t of the r ice p lant during t h e whole pe r iod of growth a n d 
development is ve ry i m p o r t a n t fo r obtaining a h igh rice yie ld . 
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CHANGES IN THE Mn UPTAKE OF RED CLOVER 
(TRIFOLIUM PRATENSE) AS A REACTION TO LIMING 
By 
D . G Y Ő R I , E . C S E H , I . K E R E S Z T E S 
S O I L R E S E A R C H D E P A R T M E N T A N D P L A N T G R O W I N G D E P A R T M E N T 
O P T H E A G R I C U L T U R A L COLLEGE, K E S Z T H E L Y 
The ef fec t of liming on t h e replaceable and ac t i ve Mn-content of t h e soil as well 
as on the Mn c o n t e n t of red clover (Trifolium pratense) in relation w i t h the quan t i t y 
of h a y yield w a s s tudied in po t cu l tu re and f ield exper iments on pseudogley brown 
fores t soil. I nves t iga t ions showed a close relat ion be tween the p H - v a l u e and act ive 
Mn con ten t of t h e soil as a f u n c t i o n of lime doses. Be tween the Mn c o n t e n t and h a y 
yield of red clover a correlation was f o u n d which could be expressed b y a cubic equat ion; 
th i s means t h a t b o t h high and low Mn contents a re unfavourab le f r o m the point of 
view of the h a y yield . Op t imum h a y yield requires a n op t imum Mn c o n t e n t in p lan t s 
a n d o p t i m u m ac t i ve Mn content in t h e soil. Small l ime doses are m o r e favourable for 
t h e red clover t h a n large ones. T h e e f fec t of liming c a n be reliably followed b y examining 
t h e act ive Mn c o n t e n t of soil. 
Introduction 
While discuss ing problems r e l a t ed to the l im ing of soils, t h e ques t ion of 
m ic ro -nu t r i en t s u p p l y of plants is also of g rea t impor tance . L i m i n g of soils 
can be carried ou t on an up- to -da te level, and o p t i m u m yields can be obtained 
on ly when the e f fec t of liming on t h e mic ro -nu t r i en t supply of p l a n t s is t aken 
n t o cons idera t ion . 
Soils reac t t o l iming with p r o f o u n d changes including t h e change in the 
p H - v a l u e of t h e soil and the resu l t ing changes, e .g. the avai labi l i ty of micro-
n u t r i e n t s for p l an t s . As a result of these effects t h e availabil i ty of micro-nutr i -
e n t s fo r p l an t s changes . If the p H of t h e soil sh i f t s towards the a lkal i zone t h e 
ava i lab i l i ty of ca t ion micro-nu t r ien t s (e.g. Mn, Cu, Zn) decreases while t ha t of 
t h e anions (e.g. mo l ibda t e , bora te ) increases, as i t was established by T R U O G 
in 1946. In case of a n acidic r eac t ion t h e reverse process takes p lace . The p H -
v a l u e of the soil is of decisive i m p o r t a n c e f rom t h e point of v iew of the avail-
ab i l i ty and mobi l i ty of Mn. Lime do t e s raising t h e pH-va lue of t h e soil above 7 
m a y resul t in t h e Mn shortage of cu l t i va t ed p l a n t s , as it was f o u n d among 
o the r s — b y P A G E ( 1 9 6 2 ) . On t h e o t h e r hand , accord ing to M E S S I N G ( 1 9 6 5 ) in 
case of acidic soils l iming el iminates t h e toxic e f fec t of Mn on p l a n t s , reduces 
t h e w a t e r soluble, exchangeable a n d act ive M n - c o n t e n t of the soil and at the 
s a m e t ime increases t h e easily r educ ib le Mn-con t en t . M A N D A L S I N H A ( 1 9 6 4 ) 
f o u n d t h a t l iming decreases the Mn u p t a k e of papi l ionaceae a n d o t h e r p lants . 
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Accord ing to B E E R et al. (1966) l iming decreases t h e water soluble, exchange-
able a n d easily r educ ib le Mn con ten t in the soil a n d increases the n o t so easily 
reduc ib le one. 
D I J K S H O O R N (1962) found t h a t b y acidifying t h e soil ar t i f ic ia l ly — de-
creasing the p H - v a l u e b y one uni t Mn-content of p lan t s was doub led , while 
unde r t h e influence of liming (by ra i s ing the p H va lue by one u n i t ) it was 
reduced to its half. D I O N N E (1966) car r ied out expe r imen t s with L a d i n o clover 
and f o u n d tha t b o t h t h e exchangeable Mn con ten t of t h e soil and t h e Mn con-
ten t of t h e plant was reduced by l iming , as a resu l t of an increase in the pH-
value . Ladino clover reacted to l iming with an increase yield w h i c h can be 
a t t r i b u t e d to a dec rease of Mn-con ten t present in tox ic q u a n t i t y . 
Q U E L L E T T E G É N É R E U X ( 1 9 6 5 ) observed t h e toxic effect of Mn in 
p o t a t o e s and found a close correlat ion between t h e acidi ty of t h e soil and the 
toxic e f fec t of Mn. In po ta toes grown u n d e r the s a m e conditions t h e tox ic effect 
of Mn was higher in l igh t soils (sand, gravel) t h a n in h a r d soils (clay). According 
to p r e s e n t au thors ' f ind ings appl ica t ion of lime a n d calcium n i t r a t e decrease 
the un favourab le ( tox ic ) effect of Mn, while phosphorus and p o t a s s i u m fertiliz-
ers increase it. B E E R ( 1 9 6 8 ) found t h a t liming considerably decreased the Mn 
c o n t e n t of potato , b e a n and silo ma ize , and wi th t h e increase of t h e p H value 
the r ead i ly soluble M n content of t h e soil decreased. Acidic fer t i l izers increase 
while alkaline fer t i l izers decrease t h e mobil i ty of Mn and, accordingly increase 
and decrease respec t ive ly the Mn c o n t e n t of p l an t s too . T Ö L G Y E S I ( 1 9 6 4 ) found 
a decrease in the mic ro-nu t r i en t c o n t e n t of grasses as a react ion to liming; 
accord ing to his inves t iga t ions t h e Cu, Zn and Mn conten ts of p l a n t s remark-
ably decreased. 
T h e e n u m e r a t e d da t a prove t h a t soil-liming exer ts a great in f luence on 
the mobi l i ty of Mn a n d by this de t e rmines the Mn con ten t of p l a n t s too. I t is 
obvious f rom w h a t h a v e been descr ibed above t h a t overliming ( l iming with 
large doses) is u n f a v o u r a b l e from t h e po in t of v iew of Mn supply of cul t ivated 
p l an t s . The method of liming wi th l a rge doses still has believers w h o only t ake 
its e f fec t on the soil i n t o considerat ion. Therefore, i t seems to be u se fu l to deal 
wi th t h e problem also f rom the p o i n t of view of t h e micro-nut r ient supply of 
p l an t s . 
Material and Method 
Tlie type of t he soil used in the e x p e r i m e n t was pseudogley hrown fores t soil on Quater-
n a r y c lay . Detailed a n a l y s i s of the soil w a s per formed b y CSEH — CSEH (1968). 
Changes in the p H - v a l u e and act ive Mn content of t h e soil as a react ion t o l iming were 
s tud ied in a pot cu l tu re exper iment w i t h o u t plants , w i th a six weeks m a t u r a t i o n in three 
repl ica t ions . 1 kg doses w e r e taken f rom t h e soil and mixed w i t h CaC03 of v a r i o u s quant i t ies 
as s h o w n b y Table 1. T h e n pots were f i l led u p f rom each 1 kg dose in such a w a y t h a t soil 
v e n t i l a t i o n was ensured w i t h the placing in of glass tubes a n d glass pots. By m e a n s of shaking 
soils were brought u n i f o r m l y to a volume weight of 1.4. T h e n each soil s ample was given a 
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mois ture c o n t e n t equa l to 60 pe r cen t of the deve loped pore volume, a n d this was m a i n t a i n e d 
b y a daily s u p p l y over the whole period of m a t u r a t i o n . Matura t ion l a s t ed for six weeks a n d 
took place a t r o o m t e m p e r a t u r e . 
Changes occurring u n d e r t h e influence of l iming were s t u d i e d fu r the r in smal l -p lo t 
field exper iments . The field e x p e r i m e n t was set a t Szentgyörgyvölgy in four repl icat ions in a 
r a n d o m block design with increasing lime doses. P l o t size was: 9 x 2 m . Ext reme va lue s were 
represented b y a lime dose corresponding with h y d r o l y t i c acidity of (60 —104 q/ha) , a n one-
eighth and a n eightfold dosis respect ively . Red c lover was sown in t h e spring of 1966 w i t h o u t 
a n y cover c rop . 
The ac t ive Mn content of soils was e x t r a c t e d b y using SCHACHTSCHABEL'S (1966) sul-
ph i te m e t h o d ( p H = 8) and t h e n determined b y a persulphate m e t h o d . Exchangeab le Mn 
con ten t was e x t r a c t e d f rom t h e soil wi th a M g S 0 4 solution of 0.5 mo le (1 normal) w i t h o u t 
us ing su lphi te . 
P l a n t s were dried to ashes a t 450° C; t h e n , a f t e r solving t h e ashes in sulphuric ac id , 
we de t e rmined t h e Mn content b y t he persu lpha te m e t h o d (GYŐRI 1961). 
Results 
D a t a of t h e po t cu l tu re exper iment (Table 1) show t h a t active Mn c o n t e n t 
of the soil g radua l ly decreases wi th the inc rease of lime doses , whereas t h e p H -
value increases parallelly. Calculations p r o v e a close cor re la t ion be tween t h e 
two fac to r s giving the fol lowing results concerning the re la t ionship b e t w e e n 
the ac t i ve Mn con ten t a n d t h e p H of t h e soil : 
R = - 0 . 9 8 5 /1 = 8 p = 0 . 1 % 
X = soil p H (KCl) , 
Y = active Mn 
Y ' = 2 0 5 . 4 - 2 6 . 1 X 
This correlat ion shows t h a t the ac t ive Mn content of t h e soil is in 95 per 
cent cases a func t ion of t h e soil p H . This pe r f ec t l y agrees w i t h B E E R ' S d a t a ( 1 9 6 8 ) 
according to which l iming exer t s an effect on the ava i lab i l i ty of Mn t h r o u g h 
t h e p H - v a l u e of the soil, as expressed b y t h e author 's corre la t ion coef f ic ien t 
( r = — 0 , 9 7 5 ) t o o . 
Act ive Mn-content of t h e soil as d e p e n d e n t on the dosis of lime is c h a r a c -
terized b y t h e subsequen t d a t a : 
X = dosis of l ime 
Y = active Mn 
R = - 0 . 8 7 4 N = 8 p = 1 % 
Y ' = 1 0 . 7 4 - 0 . 0 9 5 4 X 
The correlat ion can be considered as adequa te , and a 58 per cent d e p e n d -
ence on appl ied lime dosis of t h e active Mn con t en t of soils can be es tab l i shed . 
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Table 1 
Liming experiment in culture pots 
Trea tmen t 
A c t i v e M n 
p H 
p p m 
H20 K C l 
i Cont ro l 118 ± 9.8 4.89 3.92 
2 13 q /ha CaC03 102 ± 6.2 5.10 4.24 
3 26 q /ha CaC03 83 ± 5.1 5.53 4.47 
4 52 q /ha CaC03 56 ± 4.2 6.04 4.81 
5 104 q /ha CaC03 45 ± 3.8 7.07 6.04 
6 208 q /ha CaC03 30 ± 3.0 7.58 7.14 
7 416 q /ha CaC03 21 ± 2.3 7.58 7.17 
8 832 q /ha CaC03 13 ± 1.0 7.75 7.32 
Here t h e correlat ion is t h u s less close t h a n in the case of t h e pH. I n v e s t i -
ga t ions by P A G E (1962) also p r o v e tha t Mn changes observed in the soil c a n n o t 
b e judged exclusively on t h e b a s i s of soil a c id i t y , since b o t h biological o x i d a t i o n 
a n d reduction a n d Mn b o u n d in a complex f o r m hy organic compounds of t h e 
soil may p lay a role. I t is p r o b a b l y because t h e pH-va lue of t h e soil g ives a 
b e t t e r expression of the e f fec t of these f a c t o r s t h a t we f o u n d a bet ter cor re la -
t i o n between t h e pH-va lue a n d t h e active M n content of t h e soil. 
Results a n d da ta of f i e ld exper iments a r e presented b y Tables 2, 3 a n d 4 . 
Table 2 
Changes in the available Mn content of the soil as a reaction to liming 
( S a m p l e s taken on J u n e 9, 1967) 
N o . Trea tmen t 
E x c h a n g e a b l e Mn A c t i v e Mn p H 
K C l 
p p m 
1 Con t ro l . . . . 42 ± 4.8 129 ± 6.1 5.52 
2 13 q / h a CaCOj 34 ± 1.6 117 ± 4.7 5 .84 
3 26 q / h a CaC0 3 25 ± 7.2 110 ± 1.4 5 .88 
4 52 q / h a CaC0 3 22 ± 1.6 98 5.0 6 .12 
5 104 q / h a CaC0 3 18 ± 1.3 85 - j - 1.0 6 .38 
6 208 q / h a CaC0 3 15 ± 4.3 66 11.1 6 .78 
7 416 q / h a CaC0 3 9 ± 3.2 55 ± 19.1 7.10 
8 832 q / h a CaC0 3 8 ± 2.3 41 ± 12.1 7.31 
9 0.5 q / h a KCl . 37 ± 7.0 119 ± 1.0 5.60 
10 5.01 q / h a KCl . 32 ± 11.1 116 ± 10.0 5 .50 
11 13 q / h a 
СаС0 3 + 1.05 q / h a KCl . . 31 ± 7.1 125 ± 1.6 5.81 
12 13 q / h a СаС0 3 + 10.57 q / h a KCl . . 26 ± 5.5 110 ± 11.3 5.51 
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I n the f ie ld exper iments t h e available Mn con t en t of t h e soil and the t o t a l 
Mn conten t of p l a n t s , as well as re la t ionships be tween these f ac to r s and t h e 
y ie ld were s t ud i ed . 
According t o our inves t iga t ion no corre la t ion between t h e exchangeable 
Mn con t en t of t h e soil and the Mn con ten t of r ed clovers was f o u n d (r = -f- 0.319; 
n = 12). 
There was, however, a pos i t ive — though n o t close — cor re la t ion be tween 
t h e act ive Mn c o n t e n t of the soil a n d Mn con t en t s of red clovers. 
X = act ive M n 
Y = Mn of p l a n t s 
r = -f 0.617 n = 12 p = 5 % 
Y ' = 52 + 0.38 • X 
This resul t t o o proves t h a t t h e Mn condi t ion of soils is well charac ter ized 
b y t h e act ive Mn content . 
We s tud ied also the re la t ionsh ip be tween t h e Mn c o n t e n t in red c lover 
a n d t h e a m o u n t of yield and f o u n d a close correlat ion b e t w e e n them; t h i s 
correlat ion is n o t , however, l inear . The corre la t ion can be expressed by a cubic 
equa t ion . 
X = Mn of p l a n t 
Y = yield 
R = 0.667 n = 8 p = 10 % 
Y ' = 204.1 + 7.962 X - 0.01037 X 2 - 0 .0026 X 3 
In the p r e sen t case only e ight t r e a t m e n t s were used in t h e correlat ion 
calculat ions, as t r e a t m e n t s 9, 10, 11 and 12 contained also t h e effects of 
o t h e r factors (e.g. t h e effect of KCl t r e a t m e n t , see Table 2). 
Since t h e correlation is expressed by a cubic equat ion we can establ ish 
t h a t the Mn c o n t e n t of p lants is op t imum w h e n t h e lime dosis is op t imum, a n d 
t h e amoun t of yie ld unde r t h e given condi t ions — is t h e h ighes t , t h a t is, 
also op t imum. T h u s , we can d r a w the conclusion t ha t l ime doses should b e 
de te rmined in such a way as t o decrease t h e Mn content of p l an t s only t o a 
level where i t does not reduce t h e yield. I n our opinion, correla t ion of t h e 
second degree expresses f u r t h e r t h a t bo th h i g h and low Mn con ten t s are u n -
favourab le for r ed clovers. 
Consequent ly , in the pseudogley b rown fores t soils e x a m i n e d o p t i m u m 
yields were n o t obta ined e i ther wi thou t l iming or with ovcr l iming. 
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Table 3 
Changes in the Mn and Mo contents of red clovers as a reaction to liming 
D a t a relate to a i r dried ma t t e r 
N u m b e r 
of sample 
M n p p m 
Average 
I + I I + I I I 
M o y l kg 
A v e r a g e 
r/kg I и m I I I 
l 125.0 116.0 114.0 118 ± 3.2 52 55 53.5 ± 2.1 
2 93.4 104.0 116.0 104 ± 13.2 64 50 57.0 ± 4.2 
3 69.4 80.0 92.0 80 ± 6.1 56 50 53.0 ± 4.2 
4 65.4 80.0 78.0 74 ± 4.3 36 70 73.0 ± 4.2 
5 92.0 80.0 72.0 81 ± 5.7 72 85 78.5 ± 8.5 
6 85.4 66.0 76.0 76 ± 5.6 68 85 76.5 ± 12.0 
7 81.4 66.0 72.0 73 ± 4.3 84 98 91.0 ± 9.9 
8 89.4 54.0 78.0 73 ± 10.3 106 113 109,5 ± 4.9 
9 132.0 140.0 105.0 126 ± 10.6 16 20 18.0 ± 2.8 
10 215.6 178.0 112.0 168 ± 16.8 12 25 19.5 ± 10.6 
11 77.4 84.0 83.0 81 ± 3.1 32 20 26.0 ± 8.5 
12 93.4 80.0 70.0 81 ± 6.6 16 20 18.0 ± 2.8 
No te : I . t ime of s a m p l e taking: 4 th Oc tober 1966, c lover undersown 
I I . time of s a m p l e taking: 9 th J u n e 1967, f i r s t c u t t i n g 
I I I . time of s a m p l e taking: 1st A u g u s t 1967, second cut t ing 
Table 4 
Changes in red clover yield (fresh crop ) under the influence of liming 
(average of t w o cutt ings) 
9 
10 
11 
12 
s.d. 5 % 
kg/100 m ! 
q/ha 
162.42 
211.31 
249.41 
239.64 
196.86 
189.42 
189.62 
184.64 
179.42 
153.54 
239.08 
151.64 
46.0 
q / c a d . yoke 
94.3 
1 2 1 . 6 
143.5 
137.9 
113.3 
109.0 
109.1 
106.2 
103.2 
88.3 
137.5 
144.8 
26.47 
% 
100.0 
130.1 
153.5 
147.5 
131.2 
116.6 
116.7 
113.6 
110.4 
94.6 
147.2 
154.9 
28.31 
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In case we calculate t h e correlation w i t h all 12 t r e a t m e n t s t a k e n i n t o 
considerat ion, a negat ive l inear correlat ion between t h e Mn content of red 
clover and t h e a m o u n t of y ie ld is obta ined. 
X = Mn of p l a n t 
Y = yield 
r = - 0.665 re = 12 p = 2 % 
Y ' = 271.7 0.725 • X 
This can b e explained — in our op in ion by an increase in the a c t i v e 
Mn con ten t of soil under t h e influence of K C l t r e a t m e n t s a n d in close con-
nect ion wi th i t — an increase in the Mn c o n t e n t of red c lover too. H o w e v e r , 
th is increase of Mn-conten ts is n o t f avourab le for the p l an t s a n y longer, t h a t is 
w h y the yield decreases. 
F u r t h e r we studied t h e correlation b e t w e e n the v a r i o u s Mn f o r m s of 
p lan t s and t h e red clover y ie ld . 
A close correla t ion was found between t h e exchangeable Mn con ten t of 
t h e soil and the yield. 
X = exchangeable Mn 
y = yield 
R = 0.961 re = 8 p = 0.1 % 
Y ' = - 199.6 + 9.489 X — 0.163 X2 - 0 .00348 X 3 
A good corre la t ion was also found b e t w e e n the act ive Mn content of t h e 
soil and the red clover yield 
X = act ive Mn content of t h e soil 
Y = yield 
R = 0.876 re = 8 P = 1 % 
Y» = 173 11.14 X + 0.2058 X 2 0 .00089 X 3 
Above corre la t ions p r o v e t h a t de t e rmina t ion of the Mn supply of soils 
is sui table for de te rmin ing b o t h t h e active a n d t h e exchangeable Mn c o n t e n t 
of t h e soil. E x c h a n g e a b l e Mn con t en t too charac ter izes well t h e Mn condi t ions 
of t h e soil and , therefore , can b e well used also in relation t o p lant n u t r i t i o n 
(fert i l ization), if we wan t t o s t u d y the effect of liming. If in addi t ion t o 
l iming — effects of other f a c t o r s are also i nvo lved then a c t i v e Mn c o n t e n t 
character izes t h e Mn condit ions of soils, in a b e t t e r way, as w e have prev ious ly 
seen it . 
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The cub ic equation ind ica t e s in o u r opinion — t h a t an o p t i m u m Mn 
supp ly of p l a n t s and o p t i m u m yields are r ende red possible by an o p t i m u m 
ac t ive Mn c o n t e n t in the soil. 
In the ease of red clover t h e op t imum act ive Mn c o n t e n t of t h e soil is 
110 ppm, whi le t h a t of p l a n t s 80 ppm. Accord ing to our inves t igat ions a Mn 
con ten t h igher t h a n 220 p p m is un favou rab l e fo r red clovers, bu t one be low 70 
p p m is also u n f a v o u r a b l e . I n t h e soil act ive M n above 130 p p m is of toxic e f f ec t , 
b u t below 100 p p m it is n o t suff ic ient . 
I n v e s t i g a t i o n also s h o w e d tha t t h e h ighes t yield w a s obtained w i t h a 
qua r t e r of t h e l ime dosis ca l cu la t ed on t h e bas i s of hydro ly t i c acidity (104 q / h a 
CaC03) . O p t i m u m active Mn con t en t of t h e soil as well as o p t i m u m Mn c o n t e n t 
of plants were also found w i t h this dose of l ime applied. 
Thus, o u r invest igat ions suggest t h a t h i g h doses shou ld no t be used while 
l iming the soils , since large quant i t i es of l i m e getting i n t o t h e soil i m p a i r t h e 
Mn supply of r ed clovers w h i c h results in a reduced yield. 
The e x a m i n a t i o n p rove fu r the r , t h a t t h e active Mn c o n t e n t of t h e soil is 
highly r e spons ive to liming, t h u s the effect of liming can also be seen f r o m t h e 
ex ten t to w h i c h the active Mn content of t h e soil has decreased . Accord ing to 
our inves t iga t ions liming shou ld be applied on ly in doses wh ich do not decrease 
t h e active Mn content of t h e soil below 100 p p m and do n o t increase i t s p H -
value above 6 .0 . This value is suff ic ient ly c lose to H A R G I T A I ' S (1966) " b i o c h e m i -
cal threshold v a l u e " , t h a t is 5.5 pH, w h i c h proves t h a t our conclusions are 
r ight , as s imi l a r results h a v e been ob ta ined b y the d i f fe ren t methods. N a m e l y , 
if the o p t i m u m nitrogen s u p p l y of soils is a value similar t o the p H - v a l u e re-
quired for t h e opt imum a c t i v e Mn c o n t e n t of soils, t h e n th is fact s h o u l d be 
t aken into considera t ion whi le liming t h e soils. 
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EXAMINATION ON THE EFFECT OF FERTILIZERS 
ON THE BREWING QUALITY OF BARLEY ON THE BASIS 
OF THE "BARLEY COMPLEX BREWING I N D E X " 
B y 
E . P O L L H A M E R 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y OF S C I E N C E S , 
M A R T O N V Á S Á R 
Nitrogen topdress ing considerably impa i r ed the b r e w i n g quali ty of w i n t e r and 
s u m m e r bar leys as c o m p a r e d to the u n t r e a t e d control. К doses markedly i m p r o v e d the 
brewing qual i ty . As c o n t r a s t e d with N app l i ca t ion of N P K doses improved t h e brewing 
qua l i t y t hough could n o t to ta l ly c o m p e n s a t e the reducing effect of N doses . Bar ley 
complex brewing indices show considerable qual i ta t ive d i f ferences even w i t h minor 
changes in the qua l i t a t i ve components of t h e individual fer t i l izer appl ica t ions . Thus 
t h e indices are ap t to r evea l minor changes in quali ty caused by the var ious fer t i l izer 
t r e a t m e n t s . 
Introduction 
A c o n s t a n t p roblem of our bar ley growing has b e e n to p r o d u c e good 
qual i ty ba r l ey . Breeders p r o m o t e the so lu t ion of this t a s k th rough t h e b reed ing 
of ba r l ey var ie t ies t h a t a re more p r o d u c t i v e and of b e t t e r quali ty t h a n those 
grown u p t o now. Fert i l izers applied in h i g h e r doses t h a n so f a r have a s imi lar ly 
i m p o r t a n t role. I t is a wel l-known fac t t h a t the grain y ie lds of cereals c a n be 
most easily increased b y h igh doses of N fertilizers. However , the r e l a t i ve ly 
weak s t r aw of winter a n d s u m m e r bar leys is an obstacle t o t h e high r a t e use— 
and especially t o one-sided N fer t i l izat ion. Therefore h a r m o n i c N P K fer t i l i za -
t ion of ba r l ey is a well p r o v e d method t o d a y . Brewing q u a l i t y of ba r l ey as well 
as i ts c o m p o n e n t s are g rea t ly inf luenced b y various s imple and c o m b i n e d 
fert i l izer ra tes . As a resu l t of the complex character of brewing q u a l i t y the 
eva lua t ion of qua l i t a t ive changes caused b y fer t i l izat ion raises a methodologi -
cal p rob lem. Presen t p a p e r discusses t h e e f fec t of var ious fertil izer r a t e s on the 
grain yield and grain q u a l i t y of winter a n d summer ba r l eys . We wish t o f i nd 
an answer to t h e ques t ion too, whether t h e "ba r l ey c o m p l e x brewing i n d e x " 
(BCBI) is su i tab le for charac ter iz ing t h e changes of q u a l i t y . 
T h e r e is a poor r ecen t l i terature in H u n g a r y which deals with t h e ef fec ts 
of fert i l izers on bar ley q u a l i t y . K U T H Y F E R E N C (1960) po in ted out , t h a t t h e 
prote in c o n t e n t of winter ba r leys can be considerably increased by N fer t i l izer 
spray . I n t h e foreign l i t e r a tu r e many pub l ica t ions deal w i t h the effect of fer t i -
lizers on qua l i t y . U L O N S K A (1961, 1964a, 1964b), B R O U W E R M A R T I N — T A B A -
T A B A I (1961), H E Y L A N D (1961), S O W I N S K I (1963), R O E B E R S (1964) a n d o the r s 
reviewed in the i r summar iz ing studies t h e m a j o r pa r t of t h e respective l i tera-
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t u r e of the f i f t i e s . Similar to t h e earlier per iod , t h e publ ica t ions of the s ix t ies 
h a v e dealt p r e d o m i n a n t l y w i t h t h e effects of N fertilizers. 
I t is a gene ra l l y accepted opinion t h a t bas i c nitrogen (N) fertilizers a n d 
e a r l y N topdress ing increase t h e gra in yield in m o s t cases. R e s u l t s and op in ions 
concerning t h e qua l i t a t ive r e s p o n s e are, howeve r , highly con t rad ic to ry . I n t h e 
exper iments of S E L K E ( 1 9 5 9 ) , B E A T H — T O O G O O D ( 1 9 6 0 ) , R E I S E N A U E R D I C K -
S O N ( 1 9 6 1 ) , B R O U W E R — M A R T I N T A B A T A B A I ( 1 9 6 1 ) , K A N D E R A ( 1 9 6 5 ) a n d 
o t h e r s N fe r t i l i za t ion especial ly top dress ing with high doses increased t h e 
p r o t e i n c o n t e n t . According t o M E I N X W A L T L ( 1 9 6 4 ) , however , the e f f ec t 
depends on t h e va r i e ty , while i n Z O S C H K E ' S op in ion ( 1 9 6 7 ) fer t i l izer r a tes a r e 
e f fec t ive only t o a certain l i m i t . W I D D O W S O N P E N N Y W I L L I A M S ( 1 9 6 1 ) 
sugges t tha t N fer t i l izers decrease the sift ing percen tage , accord ing to M E I N X 
W A L T L ( 1 9 6 4 ) t h e y decrease t h e Kolbach ' s va lue , while in R E I S E N A U E R 
D I C K S O N ' S o p i n i o n ( 1 9 6 1 ) t h e y decrease t h e thousand-gra in-weight b u t in-
c rease the e n z y m e - and e x t r a c t content . W I L T E N — C O E N R A D I E ( 1 9 6 0 ) call 
a t t e n t i o n to t h e f a c t tha t in d r y weather N fer t i l izers applied l a t e in the season 
o f t e n have no e f f e c t s . H Ä N N I N E N — K A I L A ( 1 9 6 1 ) found t h a t ca lc ium a m m o n i u m 
n i t r a t e reduced t h e protein c o n t e n t . In t h e exper iments of D U B E T Z — W E L L S 
( 1 9 6 8 ) n i t rogen conten t of t h e grain inc reased , decreased or remained u n -
changed as a f u n c t i o n of the v a r i e t y . 
In the expe r imen t s of M O S O L O V A L E K S A N D R O V S K A Y A ( 1 9 6 0 ) phos -
p h o r u s (P) doses had no e f fec t on qual i ty; in K A N D E R A ' S ( 1 9 6 0 ) expe r imen t s 
t h e y increased whi le in S T R O B L ' S ( 1 9 6 0 ) a n d K A R M A N E N K O ' S ( 1 9 6 6 ) e x p e r i -
m e n t s decreased t h e protein c o n t e n t . S T R Ó B L ( 1 9 6 0 ) s t ud ied t h e increase of 
f u l l value m a l t i n g barley r a t i o , while S T E R N W R I G H T ( 1 9 6 2 ) t h a t of t h e 
thousand-gra in -we igh t and dec rease of enzym-ac t iv i tv in case of Ph fer t i l iza-
t i o n . 
There a r e re la t ively few exper imenta l d a t a available concerning the e f f e c t 
of potassium ( P ) fert i l ization o n brewing q u a l i t y . H O N G ( 1 9 6 0 ) ment ions t h a t 
i n his expe r imen t s potassium r a t e s increased t h e starch c o n t e n t of grains a n d 
t h e thousand-gra in-weight . K A N D E R A ( 1 9 6 5 ) a n d H A R A L A N O V ( 1 9 6 8 ) r e p o r t on 
a n indirect qua l i t y - improv ing effect of p o t a s s i u m fer t i l iza t ion. 
On t h e s e bases B I T T E R A U F ( 1 9 6 0 ) , F R A N K E ( 1 9 6 1 ) , B Ö H M E R ( 1 9 6 2 ) , 
B R A N D E N B U R G E R ( 1 9 6 2 ) , G Ö P P e t al. ( 1 9 6 3 ) , B A J C I H A M P L I V A N I C ( 1 9 6 6 ) , 
H A R A L A N O V ( 1 9 6 8 ) and o thers suggest t h a t in mos t cases good brewing q u a l i t y 
c a n be a t t a i n e d only by a b a l a n c e d , h a r m o n i o u s n i t rogen-phosphorus -po tas -
s i u m fer t i l iza t ion . At the s a m e t ime, due t o differences in site, va r i e ty a n d 
cl imatic cond i t ions , the o p t i m u m nutr ient r a t i o s of 1 ; 2 : 3, 1 : 4 : 5, 1 : 1,2 : 2, 
a n d 1 : 1,2 : 1 , 5 respectively suggested b y t h e same au tho r s can only be con-
sidered of i n f o r m a t i v e na tu r e . I t can be seen f r o m the d a t a t h a t recent ly t h e 
closer ratios a r e considered as op t imum. 
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Material and Method 
Our fer t i l i za t ion exper iments were carried out in 1967 — 68 at the Agr icu l tu ra l Resea rch 
I n s t i t u t e of t he H u n g a r i a n Academy of Sciences, M a r t o n v á s á r , by using w i n t e r and s u m m e r 
barleys. The d a t a were evaluated b y var iance ana lys i s . The exper iments were arranged in 
5 x 2 La t in square design, and t he p lo t size was 28.7 m 2 . 
In f ive w i n t e r barleys the e f fec t of increased r a t e s of NPh, P h P a n d N P h P basic f e r -
t i l izat ion as well as of the same t r e a t m e n t s completed b y high rate n i t r o g e n top dressing in 
spring on t he a m o u n t and qual i ty of g ra ins was c o m p a r e d wi th the effect of basic fer t i l izat ion 
(Table 1). 
In summer bar leys the effect of N , P h , P a n d N P h P applied as bas i c fertilizers on t h e 
a m o u n t and q u a l i t y of grains was c o m p a r e d to the u n t r e a t e d control ( T a b l e 3). In b o t h ex-
per iments the e f fec t of fert i l ization was character ized b y t he indices of g r a i n yield, lodging 
a n d p lan t height as well as by the B C B I and its c o m p o n e n t s . The m e t h o d of determining t h e 
B C B I was discussed in two earlier p a p e r s (POLLHAMER 1968, 1969). 
Results 
In the w in t e r barley expe r imen t only t h e basic fer t i l iza t ion increased b y 
26 kg/ha po t a s s ium and 52 k g / h a phosphorus showed s ign i f ican t and n o n -
signif icant yield surpluses, respect ively , as c o m p a r e d to the u n t r e a t e d cont ro l . 
T h e high r a t e bas ic winter fe r t i l iza t ion and N t o p dressing in spr ing caused a 
non-s ignif icant reduct ion in yie ld . The poor e f fec t of fe r t i l iza t ion on lodging 
can be t r aced b a c k to weather e i ther drier t h a n t h e average or t end ing to t u r n 
d r y a t the end of t h e season. T r e a t m e n t s , especial ly nitrogen t o p dressing p a r t l y 
increased t h e p l a n t height s ignif icant ly , whi le lodging was s ignif icant ly in-
creased b y all t r e a t m e n t s (Table 1). 
Basic fer t i l izer combina t ion except fo r the high r a t e s of n i t r o g e n 
fer t i l izat ion in t h e a u t u m n did no t generally inf luence the qua l i t a t i ve f a c t o r s 
s ignif icant ly . Ni t rogen fert i l izers — especially high rates of N t o p dressing — 
signif icant ly increased the p r o t e i n content a n d seed-coat r a t i o , decreased t h e 
thousand-gra in -weigh t , non-s ignif icant ly inc reased the swelling percentage a n d 
t h e hi weight , on t h e other h a n d decreased t h e germinat ing ab i l i ty . The B C B I 
as t h e r e su l t an t s of the qua l i t a t i ve componen t s proved t h a t basic fer t i l izer 
r a t e s applied in t h e au tumn did n o t influence t h e brewing q u a l i t y of winter b a r -
leys examined, while high r a t e s of N fer t i l i za t ion in the a u t u m n and N t o p 
dressing in spr ing considerably impai red it (Fig . 1, Table 2). 
P h and P basic fertilizers increased, in comparison w i th t h e basic fer t i l i -
za t ion decreased in a sense, t h e un favourab le ef fec ts of N doses on quali ty b u t 
u n d e r the given conditions could n o t tota l ly compensa te t h e m . D a t a call a t t e n -
t ion to the f a c t t h a t under s imilar condit ions balanced fe r t i l i za t ion may i m -
prove while one-sided N fer t i l iza t ion impairs t h e qual i ty f r o m t h e point of v i e w 
of brewing i n d u s t r y . 
The t r e a t m e n t s applied h a v e similar e f fec t s on the f e e d i n g qua l i ty of 
win te r bar ley t o o wi th the i m p o r t a n t except ion t h a t the inc reas ing effect of N 
ferti l izers on p ro t e in content is a favourable f e a t u r e when e m p l o y e d this w a y . 
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Table 1 
Treatments and results of fertilization experiments with winter barley 
Mar tonvásá r , 1968 
T r e a t m e n t s 
A c t i v e agen t s of a u t u m n 
b a s i c fert i l ization, kg /ha 
Ac t ive agent of 
spring top G r a i n yield Lodging 
P l a n t 
he igh t 
N P h p 
dressing, kg/ha 
N 
q / h a % c m 
M° — 58.3 18.0 97.2 
Mx 26 52 16 — 58.5 28.0 98.2 
M 2 52 102 16 _ 61.1 28.0 98.0 
M 3 102 52 16 - 52.6 38.0 97.0 
M 4 26 52 52 — 64.2 24.0 101.8 
M 5 68 102 26 — 60.4 32.0 99.4 
M 6 26 52 16 68 57.2 40.0 99.8 
M7 52 102 16 68 55.7 44.0 101.4 
M8 102 52 16 68 57.2 46.0 100.4 
M6 26 52 52 68 58.1 48.0 97.6 
Mean  
— — 
58.3 34.6 99.0 
Sign. diff . 5 % . . . . 
— - — -
3.5 9.8 2.7 
Table 2 
Mean and significant difference values of qualitative components in winter barley 
at 5 per cent level 
Mar tonvásá r , 1968 
Q u a l i t a t i v e components Mean 
Significant 
difference 
5 per cent 
a) thousand-grain-weight  37.1 1.6 
b) sifting pe rcen t age  38.3 9.0 
c) protein c o n t e n t (per cent)  12.3 1.1 
d) germinat ing abili ty (per cen t ) . . . 90.5 4.0 
e) swelling i n d e x (per cent)  66.4 6.3 
f ) seed-coat percentage  14.2 0.1 
g) hi weight k g  66.3 2.0 
h) extract c o n t e n t (per cent)  78.0 — 
i) complex b r ewing index  38.0 
— 
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мб=зо M 7= 17 M8 = 29 M9-23 
Fig. 1. Changes in t h e complex brewing indices of w in t e r bar leys as a r e sponse to fer t i l iza t ion. 
Mar tonvásá r , 1968 
T h e biological v a l u e of p r o t e i n content increased by fer t i l iza t ion has b e e n a 
question not clar if ied so f a r . 
In the s u m m e r barley fer t i l izat ion expe r imen t the r e sponse of MK 42 w a s 
examined w i th 10 basic fe r t i l i zer t r e a t m e n t s . As compared t o the u n t r e a t e d 
control only t h e 68 kg/ha p o t a s s i u m ferti l izer gave an a lmos t significant y i e ld 
M0 = 52 M l - 58 M 2 = 43 
s t a n d a r d - 4 4 
M3= 25 
surplus . High r a t e of N fer t i l izat ion significantly increased t h e p l a n t height a n d 
reduced the grain yield, a l though in this year n o lodging occur red in s u m m e r 
ba r l ey . Pli and P fert i l izat ion decreased the u n f a v o u r a b l e effect of the increased 
n i t rogen rates, t h o u g h could n o t perfect ly c o m p e n s a t e it. The h ighes t reduct ion 
in yield was resulteel by the inc reased N doses (Table 3). 
Brewing q u a l i t y components of the MK 42 summer b a r l e y were changed 
b y t h e various fer t i l izer rates in d i f ferent ways . T h e 25 kg/ha potass ium r a t e 
s ignif icant ly increased the h l -weigh t , the s i f t ing percentage a n d non-signifi-
can t ly the thousand-gra in -weigh t . Nitrogen app l i ed at the r a t e of 175 kg /ha 
e i ther in itself or in various combina t ions decreased s igni f icant ly the s a m e 
qua l i t a t i ve c o m p o n e n t s and considerably increased the prote in con ten t . None 
of t h e t r e a t m e n t s changed s igni f icant ly the ge rmina t ing abi l i ty , t he swelling 
pe rcen tage and t h e seed-coat r a t i o (Fig. 2, T a b l e 4). BCBI as con t ras ted wi th 
t h e qua l i t a t ive componen t s , u n a n i m o u s l y shows t h e effect of fer t i l izers on t h e 
b rewing qual i ty of bar leys . On t h e basis of the B C B I it can be establ ished t h a t 
u n d e r t h e given condi t ions large r a t e s of N bas ic fertilizers — b o t h in them-
selves and in combina t ions — m a y influence u n f a v o u r a b l y t h e y ie ld and qual-
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Table 3 
Treatments and results of fertilization experiments with summer barley 
Martonvásár , 1968 
T r e a t m e n t s 
Act ive a g e n t s of a u t u m n 
bas ic fer t i l iza t ion , kg/ha Grain yield Lodging P l a n t h e i g h t 
N P h p 
q/ha % ста 
M0 — 45.7 — 74.0 
M i — 68 — 46.7 — 76.2 
M 2 — — 68 48.3 — 77.4 
M3 68 — — 44.0 81.0 
M4 68 26 26 46.2 78.6 
M5 173 — — 42.6 — 82.9 
Me 173 68 — 42.1 — 77.3 
M7 173 — 68 43.7 — 78.7 
M8 173 26 26 43.0 — 80.2 
M9 173 68 68 45.6 — 82.7 
Mean  
- — 
44.8 78.4 
Sign. diff. 5 % . . . 
- — 
2.5 2.3 
T a b l e 4 
Mean value and significant difference of qualitative components in summer barley at 5 per cent 
Mar tonvásá r , 1968 
Q u a l i t a t i v e components Mean 
Significant 
difference 
5 per cent 
a) thousand-grain-weight  39.1 2.1 
b) sifting pe rcen tage  48.7 4.7 
c) protein c o n t e n t (per cent)  15.6 0.5 
d) germinat ing ability (per c e n t ) . . . 94.3 1.7 
e) swelling i n d e x (per cent)  72.8 5.5 
f ) seed-coat percentage  12.0 2.7 
g) hi weight k g  71.5 0.2 
h) extract c o n t e n t (per cent )  75.6 -
i) complex brewing index  53.3 — 
i ty of s u m m e r barleys w i t h o u t caus ing lodging. P a n d to a lower ex t en t — 
Ph bas ic fertilizers m a y have the oppos i t e effect. 
D a t a of the t a b l e s and figures s h o w tha t in t h e s e two fer t i l iza t ion experi-
ments b rewing qua l i ty of summer b a r l e y s was on t h e average supe r io r to tha t 
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s t a n d a r d - 4 4 
Fig. 2. Changes in the c o m p l e x brewing indices of summer bar leys as a response t o fer t i l iza t ion. 
Mar tonvásá r , 1968 
s tanda rd - 44 
Fig. 3. Complex brewing indices of va r i e t i e s a n d trial var ie t ies . Mar tonvásár , 1968 
S t a n d a r d = 44 
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of t h e examined win te r bar leys . This s t a t e m e n t corresponds t o our earlier 
experiences. I t is m o r e surprising t h a t this year t h e brewing q u a l i t y of winter 
b a r l e y strains is m u c h bet ter t h a n t h a t of s u m m e r barley s t ra ins grown under 
s imi la r condit ions. I n our expe r imen ta l area 28 : 42 : 56 kg/ha N P h P fertilizers 
w e r e dis t r ibuted as basic fer t i l izers . The complex brewing index of winter bar ley 
w a s 83.3 on t h e ave rage of 30 s t r a i n s , while t h a t of t h e summer b a r l e y was only 
51 .9 on the ave rage of 110 s t r a ins . BCBI of t h e s t a n d a r d v a r i e t y Beta 40 and 
o u r winter bar ley t r i a l varieties were also much h ighe r than t h o s e of our sum-
m e r barley var ie t ies and trial va r i e t i e s (Fig. 3). T h e amount of summer bar ley 
u s e f u l in brewing indus t ry is be low the s t a n d a r d , their seed-coat percentage 
a n d especially p r o t e i n contents a r c too high. Consequent ly t h e e x t r a c t con ten t 
t o o is below t h e s t a n d a r d and t h e complex b r ew in g index is a r o u n d the s t and-
a r d . Among t h e qual i ta t ive componen t s of w i n t e r barleys o n l y the too h igh 
seed-coat pe r cen t age is ob jec t ionable , all t h e o t h e r components including t h e 
B C B I are high a b o v e the s t a n d a r d value of 44. 
According t o t h e data w i n t e r barley m a y also he of good brewing q u a l i t y 
u n d e r except ional conditions s imi la r to those in 1968, f u r t h e r m o r e , fertiliza-
t i o n , expecially one-sided a n d high-rated N appl icat ion m a y influence u n -
f avou rab ly p r i m a r i l y the b r e w i n g quality of s u m m e r ba r l ey variet ies w i t h 
l a t e r ripening. 
Data of F igs 1 and 2 as wel l as of Tables 2 a n d 4 prove t h a t the effect of 
va r ious fert i l izer t r e a t m e n t s on t h e quality of b a r l e y s can be m o s t easily evalu-
a t e d on the bas i s of the B C B I . T h e complex b rewing indices u n a m b i g u o u s l y 
s h o w the re la t ive ly small, o f t e n non-s ignif icant and sometimes con t rad ic to ry 
changes caused in the q u a l i t a t i v e components b y the fer t i l izer t r e a t m e n t s . 
T h i s fact p roves t h e appl icabi l i ty of the complex brewing indices of bar ley . 
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EFFECTS OF GAMMA IRRADIATION IN BARLEY 
AT DIFFERENT DEVELOPMENTAL STAGES 
By 
J . S U T K A 
U N I V E R S I T Y OF A G R I C U L T U R A L S C I E N C E S , D E P A R T M E N T O F P L A N T B R E E D I N G , GÖDÖLLŐ 
The spr ing bar ley var ie ty M F B - 1 0 4 was i r r ad i a t ed a t d i f ferent s tages of devel-
o p m e n t (ti l lering, shooting, meiosis , flowering, zygotogenesis) in t h e g a m m a field 
a t Gödöllő. I n t h e y e a r of i r rad ia t ion (M2 generat ion) s t a lk length, f e r t i l i t y and grain 
we igh t decreased while the n u m b e r of laterals per p l a n t increased. Meiosis was the 
m o s t reactive phase , while at t h e s t age of zygotogenesis p lan t s of t he M4 generation 
gave no response to i r radiat ion, a n d even in the M 2 genera t ion only a sl ight change 
could be observed. I n the M2 genera t ion irradiat ion w i t h a dose of 1944 В a t the stage 
of tillering resu l ted only in a m u t a t i o n r a t e of 2.61 pe rcen t . Generat ion M 3 was evaluated 
on t he basis of a chlorophyll t e s t . W i t h increased doses the f r equency of muta t ions 
changed . A compar i son of phases revea led t h a t t h e h ighes t m u t a t i o n f r equency was 
induced by i r r ad i a t i on in the p h a s e s of meiosis and zygotogenesis . T r e a t m e n t at the 
t i m e of tillering caused bu t little v is ible chlorophyll m u t a t i o n when, however , muta t ion 
f r e q u e n c y was conve r t ed to m u t a t i o n r a t e , the l a t t e r va lue was close t o t h e muta t ion 
r a t e s in the o the r phases . The m u t a t i o n ra te of 7.17 p e r c e n t obta ined w i t h i r radiat ion 
in t he phase of zygotogenesis is, in f a c t , a higher va lue , b u t the m u t a t i o n s produced in 
mult icel lular zygo tes could no t be dist inguished f r o m those induced in unicellular 
zygotes with t he m e t h o d applied. I r r a d i a t i o n in t he d i f fe ren t phases of development 
changes the spec t re of chlorophyll mu ta t i ons too, t h o u g h no def in i te regularities 
could be es tabl ished. 
Introduction 
Physiological a n d genetical sens i t iv i ty of p l a n t s to i r rad ia t ion is in-
f luenced b y numerous factors . In add i t i on to the k i n d and dose of i r radia t ion 
and t h e genetic p roper t i es of p lan t s ( D N A content , p loidy level, heterozygous 
s t a t e , etc.) the deve lopmenta l s tage of a given p l a n t also plays an i m p o r t a n t 
role ( Y A M A S H I T A 1 9 6 4 ) . I n plants i r r a d i a t e d a compl ica ted chain reac t ion takes 
place f r o m the abso rp t ion of t h e r a d i a t i o n energy t o the biological effects 
observable . This process depends to a grea t ex tent on whe the r t h e l iv ing p lant 
t issue examined is in a quiescent s t age or is d ividing. So fa r t h e m a j o r i t y of 
m u t a t i o n exper iments have been ca r r i ed out wi th d o r m a n t seeds. A higher 
ava i lab i l i ty of r ad i a t i on sources h a s m a d e it possible to i r rad ia te dividing 
t issues a n d growing p l a n t s as well. I n such research work the g a m m a fields, 
which m a k e i r r ad ia t ion of p lan ts d u r i n g the whole growth season possible, 
p lay a n i m p o r t a n t role. A so called "c r i t i c a l dose" has been establ ished for most 
h igher p l a n t s ( S P A R R O W 1 9 6 5 , Y A M A S H I T A 1 9 6 4 ) w i th values de te rmined , 
however , fo r the whole vege ta t ion . As t o "cri t ical dose s " applicable a t t he dif-
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f e r e n t developmenta l s tages of p l a n t s few l i terary d a t a are avai lable ( N Y B O M — 
G U S T A F S S O N G R A N H A L L — E H R E N B E R G 1 9 5 6 , K A W A I I N O S H I T A 1 9 6 5 , H E R -
M E L I N 1 9 6 7 ) . G A U L ( 1 9 6 4 ) and M E R I C L E — M E R I C L E ( 1 9 6 6 ) s tud ied t h e irradia-
t ion sensi t iv i ty of meiosis, pollen a n d mult icel lular zygotes in ba r l ey b u t did 
no t e x t e n d their expe r imen t s to t h e var ious phases of t h e whole deve lopmenta l 
cycle. Similar expe r imen t s were car r ied out wi th maize. According to these 
inves t iga t ions d ip lo ten and me taphas i s I proved to be t h e m o s t sensitive 
p h a s e s of meiotic division ( S I N G L E T O N 1 9 6 2 ) . 
I n the present p a p e r the physiological and gcnetical r ad ia t ion sensi t ivi ty 
of b a r l e y at the d i f fe ren t deve lopmenta l stages will be deal t wi th , and on the 
bas is of da ta ob t a ined some theore t i ca l questions discussed. 
Material and Method 
I n the expe r imen t grains of the spr ing barley va r ie ty MFB-104 were sown into culture 
p o t s containing a m i x t u r e of compost a n d fores t soil. 15 g ra ins per pot were sown and af ter 
h a v i n g come out 10 p l a n t s left . F ive cu l tu re pots per t r e a t m e n t were used, so in the year of 
t he t r e a t m e n t (Mj) we h a d 50 p lan t s a t our disposal. I r r ad i a t i on was applied a t t h e following 
deve lopmen ta l s tages: t i l lering, shoot ing , meiosis, f lowering a n d zygotogenesis. When deter-
m i n i n g these phases a n d s ta r t ing m u t a g e n e t r ea tmen t t he m a i n ear was t a k e n as basis. The 
p h a s e s of meiosis a n d f lowering were control led cytologically as well. 
The i r radia t ion was carried ou t in t he gamma field of the Univers i ty of Agricultural 
Sciences a t Gödöllő, w h e r e a 60CO r a d i a t i o n source of 100 Curie act ivi ty was placed a t our 
disposal . P lan t s were given i r radia t ion for fou r days per p h a s e (18 hours a day) . Three doses 
were applied in each phase . This was car r ied ou t by placing cul ture pots con ta in ing the p lan ts 
t o b e i r radia ted a t a d i s tance of 2, 2.5 a n d 3 meter respect ively , f rom the r a d i a t i o n source, so 
1944 R , 1224 R a n d 864 R values were ob ta ined as i n t eg ra t ed doses. The cu l tu re pots were 
a r r a n g e d on stairs b u i l t a round the r ad i a t i on source according to Fig. 1. 
Fig. 1. Source of radia t ion wi th t h e cul ture po ts 
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The c u l t u r e pots of t h e control were g i v e n no irradiation. T h e dates of i r r a d i a t i o n are 
presented in T a b l e 1. For t h e purpose of e v a l u a t i n g the physiological effects of i r r ad i a t i on 
some p rope r t i e s were assessed in ma tu re p l a n t s a t t h e t ime of ha rves t i ng . The grains collected 
in the year of t h e irradiation represen ted the M4 genera t ion . From t h e po in t of view of m u t a t i o n 
analysis th i s m e t h o d of m a r k i n g can be a c c e p t e d , of course, on ly fo r the phase of t i l ler ing, 
fo r later p h a s e s M 0 would be a be t te r m a r k i n g . W i t h uniformity in view, however , i t was 
desirable t o m a r k each phase w i t h Mj. 
Table X 
Phases and dates of irradiation 
Developmenta l phases D a t e s of irradiation, 1967 
Tillering  Apr i l 2 4 - 27 
Shoot ing  M a y 1 2 - 15 
Meiosis  M a y 2 0 - 23 
F lower ing  J u n e 3 - 6 
Zygotogenesis . . J u n e 9 - 12 
M j gra ins were sown in a smal l plot e x p e r i m e n t with double dupl icat ion. T h e p l a n t s 
t h a t emerged f r o m M4 grains were uniformly ca l led t h e M2 generat ion. E a c h plant of t h e M 2 
generat ion was ha rves t ed separa te ly and used in ch lo rophyl l tests u n d e r glass-house cond i t i on . 
E a r s and gra ins , respectively, we re germinated in a s a n d y soil a t a n average t e m p e r a t u r e of 
7.2° C. The seedl ings of the ch lorophyl l test were ca l led M3 generation. T o determine t h e t y p e s 
of chlorophyll m u t a t i o n A p a t t e r n recommended b y GUSTAFSSON (1940) was used. 
Results 
Ml generation. The e f fec t s of i r r ad i a t ion on the M, genera t ion are s h o w n 
in Fig. 2 5. T h e changes in t h e p roper t i e s examined a r e p lo t ted by a f i v e 
axial graph which makes i t possible t o e v a l u a t e phases a n d radiat ion doses 
jo in t ly . 
Shooting 
Fig. 2. E f fec t on p l an t height of i r radiat ion app l i ed a t different deve lopmen ta l s tages 
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Shooting Meiosis 
Zygotogenesis 
Fig. 3. Ef fec t o n e a r n u m b e r pe r p l a n t of i r radia t ion a p p l i e d a t d i f f e r e n t deve lopmen ta l s t a g e s 
Control 
8 6 4 R 
1 2 2 4 R 
1944R 
Flowering 
Tillering 
Fig. 4. E f f e c t o n 
Fig. 5. 
Acta 
Shooting 
Meiosis 
Zygo togenes i s 
fe r t i l i ty of i r r a d i a t i o n applied a t d i f f e ren t d e v e l o p m e n t a l stages 
- Control 
- 864 R 
-1224 R 
•1944 
Flowering 
Flowering 
Meiosis 
Control 
864 R 
1224 R 
1944R 
Zygotogenesis 
E f f e c t o n grain we igh t p e r p l a n t of i r r a d i a t i o n appl ied a t d i f f e r e n t d e v e l o p m e n t a l s t a g s 
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The va lues of p lan t h e i g h t only d e p e n d to a low e x t e n t on i r r ad i a t ion 
per formed a t t h e different s t a g e s (Fig. 2). I t is only t h e dose of 1944 R t h a t 
reduces t h e l eng th of t h e s t a l k when appl ied in the phases of tillering, shoot -
ing—and to a slight degree a t t h e stage of meiosis .The n u m b e r of la terals a n d 
Table 2 
Changes in the mean values of fertility in the M2 generation 
with irradiation applied at different stages of development 
Phases 
Doses 
864 R 1224 R 1944 R 
x ± s j % x ± s x % * ± »X % 
Tillering  88.10 ± 0.64 96.49 87.80 ± 0.74 96.16 87.10 ± 0.84 95.39 
Shooting  85.05 ± 0.73 93.15 90.15 ± 0.63 98.74 85.45 ± 0.94 93.59 
Meiosis  86.70 ± 0.70 94.96 89.95 ± 0.56 98.52 84.80 ± 1.21 92.88 
Flowering  87.75 ± 1.09 96.11 90.25 ± 0.71 98.84 84.30 ± 1.02 92.33 
Zygotogenesis 85.10 ± 0.84 93.20 84.15 ± 1.20 92.16 82.75 ± 1.48 90.63 
Control  91.30 ± 0.66 100.00 91.30 ± 0.66 100.00 91.30 ± 0.66 100.00 
ears resp. per p l an t was inc reased b y i r rad ia t ion applied a t t h e stages of t i l ler ing 
a n d meiosis. According to F i g . 3 t h e effect of t h e 1944 R dose was highly im-
p o r t a n t , t h o u g h i t must he men t ioned t h a t these secondary ears usual ly re-
mained sterile, and were g reen , even when ears of the o t h e r t r ea tmen t s h a d 
grown ripe. 
The most conspicuous changes were obse rved with t h e fe r t i l i ty of ea r le t s 
a n d grain weight per p lant . I r r a d i a t i o n decreased fer t i l i ty in each phase e x c e p t 
zygotogenesis . This change w a s t h e greatest w h e n i r radia t ion h a d been appl ied 
a t t h e stage of meiosis, w h e n even such a smal l dose as 864 R decreased f e r t i l i t y 
b y abou t 50 pe rcen t (Fig. 4). 
As to gra in weight pe r p l a n t a similar change was observed wi th t h e 
difference t h a t t h i s p rope r ty w a s modified b y t h e dose of 1944 R to an even 
g rea te r ex ten t t h a n fer t i l i ty (F ig . 5). 
M2 generation. Phys io log ica l changes in t h e M2 gene ra t ion can be ex-
pec ted pr imar i ly wi th i r r ad ia t ion applied a t t h e s tage of zygotogenesis . I r r ad i a -
t ion decreased fe r t i l i ty c o m p a r e d to the cont ro l a t every deve lopmenta l s tage , 
h u t s ignif icant differences (10 p e r cent) were caused only b y doses 1224 R a n d 
1944 R applied a t t he s tage of zygotogenesis (Table 2). I r r a d i a t i o n applied a t 
t h e stage zygotogenesis i n c r e a s e d the n u m b e r of laterals pe r p l a n t too. 
In plots t r e a t e d with 1 944 R in the p h a s e of tillering severa l albinos were 
observed. Thei r percentage v a l u e is 0.52 a n d m u t a t i o n r a t e 2.61 percent . I n 
o t h e r phases a n d wi th o the r doses no chlorophyll mu ta t ion w a s found. 
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1 1
 1 " Г 
8 6 4 R 1 2 2 4 R 1 9 4 4 R D o s e s 
Fig. 6. F r e q u e n c y of ch lorophyl l m u t a t i o n s in t he M 3 g e n e r a t i o n 
Tab le 3 
Effect of gamma irradiation applied at different phases 
on the spectre of chlorophyll mutations (%) 
N u m b e r of Chlorophyll R e l a t i v e values 
P h a s e seedl ings m u t a t i o n s 
in M , in M j albiiia x a n t h a viridis o t h e r 
864 R 
Til lering  10 ,068 4 75 0 25 0 
Shoot ing  12 ,954 8 38 24 38 0 
Meiosis  13,062 38 76 21 3 0 
Flower ing  12,472 11 36 19 36 0 
Zygotogenes is  10,900 14 86 7 0 7 
1224 R 
Tillering  8 ,924 4 0 0 75 25 
Shoot ing  6 ,835 6 83 0 0 17 
Meiosis  8 ,791 27 59 4 11 26 
F lower ing  9 ,897 11 73 0 0 27 
Zygotogenes is  8 ,794 23 83 0 13 4 
1944 R * 
Til ler ing  6 ,425 2 100 0 0 0 
Shoot ing  6 ,903 36 61 28 11 0 
Meiosis  7 ,048 59 20 21 59 0 
F lower ing  7 ,040 21 62 0 38 0 
Zygotogenes i s  6 ,967 68 32 32 28 8 
* e a r s la id in wet s a n d . 
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M3 generation. When s tudy ing the M3 generat ion w e used the ch lo ro-
phy l l tes t . T h e f r equency of chlorophyll m u t a t i o n was ca lcu la ted for 100 M3 
seedlings. In t h e case of 1944 R applied f r e q u e n c y was ca lcu la ted for 100 M 2 
p l a n t s as well in order to f i n d a correlation be tween m u t a t i o n f requency a n d 
m u t a t i o n ra te . F r e q u e n c y of chlorophyll m u t a t i o n in genera t ion M3 is s h o w n 
b y Fig. 6. 
According t o Fig. 6 m u t a t i o n showed t h e lowest f r e q u e n c y with i r r a d i a -
t ion applied a t t h e stage of t i l lering. The p h a s e of meiosis p roved highly s e n -
si t ive, however a dose of 1944 R applied a t t h e stage of zygotogenesis r e s u l t e d 
in a higher f r e q u e n c y of m u t a t i o n . As to t h e f r equency of m u t a t i o n , s h o o t i n g 
and flowering are stages i n t e rmed ia ry be tween meiosis and tillering. I t c a n b e 
seen fu r the r , t h a t wi th t h e except ion of t i l l e r ing the va lues of the m u t a t i o n 
f r equency also depend on t h e dose and inc rease considerably when 1944 R is 
appl ied. 
Wi th a v iew to s t u d y i n g the m u t a t i o n spectre i t w a s interest ing t o 
eva lua t e the r e l a t ive f r e q u e n c y of chlorophyl l muta t ion t y p e s in the g i v e n 
t r e a t m e n t s . T h e f r equency of albina, x a n t h a and viridis was especially i n -
te res t ing , since in the o the r categories (alboviridis, tiridoalbina, alboxantha, 
xanthaalba, striata, tigrina a n d macidata) v e r y few m u t a t i o n s were f o u n d . 
According to T a b l e 3, a lbina occurs with t h e highest f r e q u e n c y followed b y 
vir idis wi th all t h r e e doses app l i ed . When t h e phases are e x a m i n e d regular i t ies 
are more d i f f icul t t o be f o u n d . I t seems an impor t an t corre la t ion t h a t w i t h 
i r rad ia t ion appl ied a t the s t ages of meiosis a n d zygotogenesis, the r e l a t i v e 
va lues of albina a re highly r e d u c e d by the inc reased doses, a n d in the case of 
the 1944 R dose show only 20 a n d 32 percen t , respect ively. 
From b o t h theore t ica l a n d practical p o i n t s of view i t is impor t an t t o 
s t u d y the re la t ionsh ip be tween t h e changes of fer t i l i ty in p l a n t s of the M 1 a n d 
M 2 generat ions on one hand , a n d the f r equency of chlorophyll muta t ions in t h e 
M3 generat ion on t h e other . T a b l e 7 shows a c lose correlation between f e r t i l i t y 
and chlorophyll m u t a t i o n in t h e M3 genera t ion in our case. 
T r e a t m e n t a t t he s tage of meiosis cons ide rab ly decreases fertil i ty in M v 
t h e percentage v a l u e of ch lorophyl l muta t ions in M3 seedlings is 0.84 p e r c e n t ; 
a t t h e same t i m e i r rad ia t ion in t h e phase of zygotogenesis h a r d l y decreases t h e 
fer t i l i ty pe rcen tage either in Ml or in M , genera t ions , on t h e other hand t h e 
va lue of the m u t a t i o n f r e q u e n c y is 0.98 p e r c e n t , t ha t is, w h e n the phases a r e 
compared , the h ighes t m u t a t i o n frequency is f o u n d in this case . 
Since in ce r t a in cases — e.g. when l iving t issues are i r r ad ia t ed a c o m -
pe t i t ion develops be tween m u t a t e d and n o n - m u t a t e d cells a n d so the d ip lon t i c 
selection resul ts in t h e e l imina t ion of some cells, it is necessa ry to d e t e r m i n e 
t h e m u t a t i o n r a t e fo r nuclei in t h e M t (in o u r case M,) gene ra t ion . Accord ing 
to G A U L ( 1 9 6 4 ) t h e m u t a t i o n r a t e can be c o n v e r t e d by d iv id ing t h e pe r cen t age 
f r e q u e n c y of m u t a n t s in M, seedlings by t h e segregat ion pe rcen tage of ch lo ro-
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phyl l m u t a t i o n s . The segrega t ion pe rcen tage of chlorophyll muta t ions does not 
general ly a m o u n t to 2 5 % , according to G A U L ( 1 9 6 4 ) a n d M E R I C L E — M E R I C L E 
(1966) i t is 2 0 % when t h e nuc leus is i r r a d i a t e d . I t can also he under s tood t h a t 
when the e m b r y o cells, po l len , egg-cells o r mult icellular zygotes are i r r a d i a t e d . 
Control 
j M, Generation 
jM-2 Generation 
I Mo Generation 
0,2-
0,4-
0,6-
0,8-
1,0-
Chlorophyll mutations % 
Fig. 7. Rela t ionship b e t w e e n ferti l i ty a n d chlorophyl l m u t a t i o n in the case of t h e 
1944 R dose used 
Diplophase 
Tillering 
Haplo-and 
diplophase 
I Shooting 
Meiosis 
Flowering 
LEarly zygotogenesis 
Diplophase 
Late zygotogenesis 
Heterozygote 
Chimaera 
Fig. 8. Segrega t ion of ch loropohyl l muta t ions w i t h gamma i r r ad i a t i on applied a t di f ferent 
stages of d e v e l o p m e n t 
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t h e pe rcen tage f requency of t h e mu ta t ed Mx (in our case M2) plants wi l l be 
equal to t h e m u t a t i o n r a t e . W i t h this t a k e n in considerat ion, the values of t h e 
muta t ion r a t e were ca lcu la ted in the case of 1944 R appl ied (Table 4). 
I n t r o d u c i n g the c o n c e p t of mu ta t i on r a t e we can see t h a t the m u t a t i o n 
r a t e of t i l ler ing exceeds t h o s e of shooting a n d flowering. Compared to t h e 4 .62 
Table 4 
Values of mutation rate in the M3 generation in treatments given a dose of 1944 R 
Phase 
N u m b e r of Ma N u m b e r of M, M u t a t i o n rate 
p lan t s tested p l a n t s mutated 
ш M3 , % 
Tillering  129 l 3.89 
Shoot ing  138 5 3.62 
Meiosis  141 6 4.62 
Flower ing  141 3 2.13 
Zygotogenesis . . 139 10 7.17 
Control  137 0 0 . 0 0 
value ob t a ined b y i r rad ia t ion a t the t ime of meiosis, th is v a l u e was 7.17 w i t h 
i r radiat ion pe r fo rmed a t t h e s tage of zygotogenesis . I t s h o u l d be m e n t i o n e d 
t h a t the l a t t e r value m a y p e r h a p s be h i g h e r , since it c o n t a i n s the v a l u e s of 
muta t ion f r e q u e n c y and m u t a t i o n rate j o i n t l y , as in the p r e s e n t case it is n o t 
possible t o s e p a r a t e t h e m . 
Discussion 
Barley p l a n t s i r r ad ia t ed a t different s t ages of deve lopmen t showed con-
siderable d i f ferences in radiosensi t iv i ty in t h e generat ions examined. N Y B O M 
et al. ( 1 9 5 6 ) d id no t f ind a n y difference in t h e f requency of chlorophyll m u t a -
t ions when i r rad ia t ing b a r l e y in different pe r iods of the vege t a t i on cycle o n a 
gamma f ield. Our own resu l t s confirm f i r s t of all the da ta o b t a i n e d by H E R M E -
L I N ( 1 9 6 7 ) w h o found meiosis and early embryogenes is t o b e the most r a d i o -
sensitive phases , bu t d e m o n s t r a t e d this conclus ion of his o n l y by d e t e r m i n i n g 
fert i l i ty and m u t a t i o n f r e q u e n c y . When s t u d y i n g the radiosens i t iv i ty of r ice 
a t the d i f fe ren t deve lopmenta l stages K A W A I — I N O S H I T A ( 1 9 6 5 ) similarly f o u n d 
a relatively h igh number of muta t ions in gene ra t ion M 2 i n t h e case of i r r a d i a -
t ion applied a t t h e t ime of t i l ler ing and p a n i c l e fo rmat ion . This was n o t con-
f i rmed b y ou r d a t a ob t a ined wi th barley. 
Radiosens i t iv i ty of t h e individual p h a s e s of d e v e l o p m e n t can b e wel l 
proved wi th g ra in weight p e r p lant — in add i t ion to t h e fer t i l i ty of t h e M x 
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generat ion. E x p e r i m e n t s per formed b y Z E Z Y U L I N S K I Y — G R E C H A N O V S K A Y A 
(1968) also t e s t i f y tha t g a m m a irradiat ion ca r r ied out a t t h e t ime of t h e zygo to -
genesis r e d u c e s the grain w e i g h t per p l a n t a n d the thousand-g ra in -we igh t . 
In t h e case of i r r ad i a t ion carried o u t a t the t ime of tillering, s h o o t i n g 
and meiosis t h e change in t h e ferti l i ty of t h e p lan t s showed t h e same cor re la t ion 
as the f r e q u e n c y of ch romosome aber ra t ions ( t ranslocat ion, inversion, iso- a n d 
pseudo-iso-chromosomes, b r idges , f r a g m e n t s ) observed in t h e phase of meios is 
following i r r ad i a t ion ( S U T K A — P E T R O V I C S 1 9 7 0 ) . According to G A U L ( 1 9 6 4 ) a n d 
M E R I C L E M E R I C L E ( 1 9 6 6 ) if there is n o competi t ion b e t w e e n m u t a t e d a n d 
n o n - m u t a t e d cells in an i r r a d i a t e d living t i s sue , then t h e m u t a t i o n r a t e c a n be 
increased. T h i s can be rea l ized in pr inc ip le b y i r radia t ing t h e spe rma tozoon , 
t h e gamete , a n d the zygote consisting of a f ew cells. T i s sue thus m u t a t e d will 
no t be ch imaer i c , tha t is, i n t h e case of a m u t a t i v e segrega t ion each ear of t h e 
p l a n t will c o n t a i n m u t a t i v e progenies. T h i s supposit ion is shown in F i g . 8. 
I n the p h a s e of tillering, s ince irradiat ion w a s applied in t h e diplophase, m u t a -
t ion may o c c u r even in t h e M 2 genera t ion , b u t then n o t in every ear of t h e 
p lant . The case may be s imi la r in the M 3 genera t ion . W i t h i r radia t ion p e r f o r m e d 
a t the s t age of la te zygotogenesis m u t a t i o n c a n be found o n l y in the M 3 gene ra -
t ion. Due t o t h e chimaeric charac ter of t h e i r radiated g r a i n pr imordium only 
few ears of t h e M 3 plant s h o w muta t ion . A cer ta in ex ten t of haplontic se lec t ion 
m a y occur w i t h plants t r e a t e d at the t i m e of spermatozoon- and g a m e t e for-
mat ion as wel l , but the segregat ion p e r c e n t a g e of ch lorophyl l m u t a t i o n will 
certainly b e closer to 2 5 % t h a n when d o r m a n t seeds are i r rad ia ted . Th i s p r in -
ciple was b u t par t ly p roved b y our expe r imen t s , because muta t ion r a t e s ob-
tained by i r r ad ia t ion appl ied a t the t ime of meiosis, f lower ing and zygotogenesis 
did not m u c h exceed those t h a t resulted f r o m irradiation a t t h e time of t i l l e r ing . 
We h a v e already m e n t i o n e d t ha t in o u r experiment t h e 7.17% m u t a t i o n 
ra te ob ta ined wi th plants i r r ad ia t ed at t h e t i m e of zygotogenesis is not a " p u r e " 
muta t ion r a t e , since some zygotes were in a multicellular s t a t e when i r r a d i a t e d , 
and in t he se embryos d ip lon t ic selection occur red in t h e s a m e way as in the 
case of g ra ins i r radiated. I t is known f r o m t h e l i tera ture ( M E R I C L E M E R I C L E 
1 9 6 6 , D O N I N I et al. 1 9 6 8 ) t h a t the later i r r ad i a t ion is c a r r i e d out in t h e course 
of the e m b r y o n a l deve lopment , the lower t h e proport ion of t h e muta t ion sec to r 
will be in t h e seed, consequent ly , t he l ower the n u m b e r of ears pe r p l a n t 
showing m u t a t i v e segregat ion will be. P a r t l y on this bas i s , par t ly on t h e basis 
of the h igh fe r t i l i ty observed in genera t ions A/j and M 2 i n our e x p e r i m e n t , we 
consider it j u s t i f i ed to c a r r y out i r rad ia t ion a t the t ime of early zygotogenes is . 
Changes in the spec t re of chlorophyll muta t ion s h o w a tendency s imi la r 
to those in t h e l i terature ( G A U L 1 9 6 4 , K A W A I I N O S H I T A 1 9 6 5 ) . The d i s t r i b u -
t ion of t h e chlorophyll m u t a t i o n types d iscussed with t h e resul ts is с ons idered 
bu t a p p r o x i m a t e , as any decision made o n t h e quest ion would r e q u i r e m o r e 
chlorophyll muta t ions . 
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EFFECT OF PRODUCTION FACTORS ON GRAIN YIELD 
AND YIELD ELEMENTS OF WHEAT VARIETIES 
IN POLYFACTORIAL EXPERIMENTS 
By 
Á . K O L T A Y 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E OF T H E H U N G A R I A N ACADEMY O F SCIENCES, 
MARTONVÁSÁR 
F a c t o r s pr imari ly de t e rmin ing the t rends of w h e a t yields, as well as their inter-
actions, were s tudied in po ly fac to r ia l exper iments dur ing three successive years. T h e 
exper iments were conducted in f r ac t i ona l repl icat ions; in the 81 " m a i n p l o t s " ar ranged 
in 9 blocks t h r e e va r i an t s of soil cul t ivat ion, sowing dep th , s tand dens i ty and sowing 
t ime were s tud i ed wi th each of t h e three variet ies used , while wi th in t h e 81 main plots 
in 729 " s u b - p l o t s " (arranged in split-plot design) 9 combinat ions of th ree different 
ni trogen fer t i l iza t ion levels a n d fer t i l izat ion t imes were compared . T h e pape r describes 
t he condit ions a n d methods of t h e exper iment series, the t echn iques of the experi-
ments , and p resen t s simple a n d bifactor ia l analyses of basic d a t a on grain yield, ear 
compactness , ear p roduc t iv i ty a n d thousand-gra in -weigh t as well as t he significant 
results of t he exper iments . On t he average of three yea rs t h e factors e x a m i n e d influenced 
t he yield in t h e following order : ni t rogen fer t i l iza t ion, var ie ty , t i m e of sowing, soil 
cul t ivat ion, d e p t h of sowing, n u m b e r of plants a n d t i m e of n i t rogen appl icat ion. 
Introduction 
Dur ing t h e p a s t decade a considerable n u m b e r of monofac to r i a l wheat 
e x p e r i m e n t s were carr ied out a t t h e In s t i t u t e , t h a t is, a single f ac to r was studied 
a t a t i m e in var ious combina t ions . However , yield is usual ly a func t i on of t h e 
in t e rac t ion be tween more t h a n one factors . B y t h e modern fac tor ia l experi-
m e n t designs ( F I S C H E R 1 9 5 3 ) , t h e complex s t u d y of more t h a n one factors at 
t h e s a m e t ime, p a r t l y a separa te discussion of t he i r simple (average) effects, 
p a r t l y a detai led analys is of in te rac t ions are m a d e possible. 
A t the Agr i cu l tu ra l Research Ins t i t u t e of t h e Hungar i an Academy of 
Sc iences a t M a r t o n v á s á r factors p r imar i ly de te rmin ing yield t r ends in wheat as 
wel l a s their in te rac t ions were s tud ied in such fac tor ia l exper iments during 
t h r e e successive yea r s . I n the expe r imen t s carried ou t in 729 plots t h r ee varie-
t ies w ere used every yea r to c o m p a r e three va r i an t s per each of soil cultiva-
t i o n , sowing dep th , s t a n d densi ty, sowing t ime, N-fcr t i l izat ion and ferti l ization 
t i m e . E a c h of t h e 7 fac tors was s tud ied in th ree s tages and each stage was 
r e p e a t e d 27-t imes, t h e N-dosage- a n d fer t i l iza t ion- t ime stages as m a n y as 
81- t imes ; never theless t h e expe r imen t s covered only one th i rd of t h e possible 
c o m b i n a t i o n s . 
T h e condi t ions , methods a n d m o s t i m p o r t a n t results of exper iments 
ca r r i ed ou t in 1 9 6 0 — 6 1 , 1 9 6 1 - 6 2 a n d 1 9 6 2 - 6 3 ( K O L T A Y 1 9 6 2 ) , as well as the 
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Table I 
Precipitation data obtained on the area of the experiment 
(1) M o n t h I i l H I I V V V I V I I V I I I I X X X I X I I (2) Tota l 
a) Average of 1 9 0 1 - 1 9 4 0 , 
m m  31 31 39 46 66 62 50 52 52 53 46 43 571 
1960 
b) precipi tat ion m m  29 39 29 45 30 64 112 34 62 99 127 39 709 
c) deviat ion m m  - 2 8 - 1 0 - 1 - 3 6 2 62 - 1 8 10 46 81 - 4 138 
d) deviation % - 6 26 - 2 6 - 2 - 5 4 2 124 - 3 5 20 86 175 - 1 0 24 
1961 
b) precipitat ion m m  20 46 0 45 68 22 29 6 2 19 100 33 390 
r) deviat ion m m  - 1 1 15 - 3 9 — 1 2 - 4 0 - 2 1 - 4 6 - 5 0 - 3 4 54 - 1 0 - 1 8 1 
d) deviation % - 3 4 47 - 1 0 0 - 2 4 - 6 3 —41 - 8 9 — 97 - 6 4 120 - 2 2 — 31 
1962 
b) precipi tat ion m m  34 16 34 44 32 16 44 1 30 6 187 31 475 
c) deviation m m  3 - 1 5 - 5 - 2 - 3 4 - 4 6 - 6 - 5 1 - 2 2 - 4 7 141 - 1 2 - 9 6 
d) deviat ion % 8 - 4 7 - 1 3 - 5 - 5 2 - 7 4 — 12 - 9 7 - 4 2 - 8 9 305 - 2 8 - 1 7 
] 963 
b) precipitat ion m m  70 75 29 43 25 72 58 68 103 17 17 38 615 
c) deviat ion m m  39 44 - 1 0 - 3 - 4 1 10 8 18 51 - 3 6 - 2 9 - 5 44 
d) deviation % 13 14 - 2 6 - 6 - 6 2 16 16 31 98 - 6 8 - 6 3 - 1 2 8 
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T a b l e 2 
Treatments in the "fractionally repeated" factorial experiment, 
and the arrangement of treatment combinations 
T r e a t m e n t s 
a = soil cultivation (T) 
b = va r i e ty ( F ) 
с = d e p t h of sowing (V) 
d = n u m b e r of germs (C) 
F e r t ő d i 293 
Besostaya 
San Pastore 
e = t ime of sowing ( I ) 
1 9 6 0 - 6 1 
1 9 6 1 - 6 2 
1 9 6 2 - 6 3 
shallow 
Fertődi 293 
4 cm 
4.52 
5.04 
6.43 
20 October 
2 N o v e m b e r 
11 October 
normal 
Besostaya 
6 cm 
million/ha 
5.04 
5.56 
6.95 
27 October 
4 N o v e m b e r 
23 October 
deep p lough ing 
San P a s t o r e 
8 cm 
5.56 
6.08 
7.47 
4 N o v e m b e r 
10 November 
5 N o v e m b e r 
Arrangement of t r e a t m e n t combinations 
abode abode abode abode abode abode abode abcde abcde 
12102 11022 00120 20001 10212 02010 01200 21111 22221 
12222 02100 21201 10002 20121 11112 22011 01020 00210 
21120 20010 00102 11001 10221 12111 22200 01212 02022 
02121 22002 00201 21222 11100 20112 01011 12210 10020 
10122 21021 02220 12012 01110 00000 11202 22101 20211 
12120 11010 02001 10200 00111 22212 21102 01221 20022 
12201 21210 20100 01002 02112 22020 10011 00222 11121 
11220 20202 01101 22122 12000 00021 10110 02211 21012 
10101 21000 01122 00012 20220 22110 12021 02202 11211 
methodolog ica l principles and data process ing ( K O L T A Y O ' S V Á T H 1 9 6 3 ) have 
already b e e n published. O ' S V Á T H P A P P ( 1 9 6 3 ) have f u r t h e r publ i shed the 
results of t h e shading expe r imen t s c o n d u c t e d in the f i r s t year . 
The p r e sen t paper discusses the m o s t character is t ic effects and in te rac-
tions f o u n d dur ing the ana lys i s of basic d a t a on grain y ie ld , ear compac tness , 
ear p r o d u c t i v i t y and thousand-g ra in -we igh t of the t h r e e years ' e x p e r i m e n t 
series. 
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M a t e r i a l and Method 
The expe r imen t s were carried o u t in three a d j a c e n t sections of t he I n s t i t u t e ' s UJ pa rce l , 
- i n a medium fer t i le chernozem soil of a cleared wood land , in 1960 — 61 a n d 1961 — 62 a f t e r 
a f i r s t crop of S u d a n g r a s s grown for g r e e n fodder and c u t twice, while in 1962 — 63 after s u m -
m e r barley. 
According t o t h e meteorological observat ions p e r f o r m e d on the a rea of t he exper imen t , 
t h e crop year of 1960 — 61 was cons idered very good, t h a t of 1961—62 m e d i u m while 1962 — 6 3 
h i g h l y unfavourable . I n the crop y e a r of 1962 — 63 t h e extremely h a r d w i n t e r tha t l a s t ed 
f r o m November 23rd u p to the end of M a r c h caused a considerable t h i n n i n g even of t he va -
r i e t i e s Fertődi and Besos taya , while t h e var ie ty San P a s t o r e suffered a 50 60 percent f r o s t 
d a m a g e . Prec ip i ta t ion d a t a obtained o n t h e area of t he exper iments are p r e s e n t e d in Tab le I 
a s mon th ly and y e a r l y totals and in compar ison w i t h 40 years ' mean v a l u e s calculated f o r 
M a r t o n v á s á r . 
The basis of t h e 3T factorial e x p e r i m e n t is a 35 f a c t o r i a l exper iment scheme with " f r a c -
t i o n a l repl icat ions" , t h e plots of wh ich a r e fur ther d i s t r i b u t e d into 32 = 9 sub-plo ts (a r ranged 
i n a "sp l i t -p lo t" des ign) . The t r e a t m e n t combinations of t he main p lo t s of the exper iment , 
a f t e r being a r r a n g e d in 9 random b l o c k s are shown in T a b l e 2. 
The factors a), b), c), d) and e) were combined in 81 main plots a r r a n g e d in 9 b locks 
accord ing to the des ign — randomized bas ic scheme No . A, 19. by COCHRAN — Cox (1957) — 
s h o w n in Table 2 in such a way t h a t e a c h factor was r e p e a t e d 27-times, a l w a y s in a d i f f e r en t 
combina t ion (e.g.: t r e a t m e n t s in t he m a i n plot 12102: n o r m a l ploughing, v a r i e t y San P a s t o r e , 
6 c m depth of sowing, a seed amoun t of 6 .43 million g ra ins per ha sown in t h e f i r s t year on 4t l i 
N o v e m b e r ) . 
Each " m a i n p l o t " — of the size of 259 in2 wi thout p a t h s , borders a n d b u f f e r s — inc luded 
9 28.788 m2 sub-p lo t s arranged in r a n d o m split-plot des ign , so the e x p e r i m e n t a l area consis ted 
of 81 x 9 = 729 s u b - p l o t s apart f r o m t h e buffers s e p a r a t i n g the main p l o t s . I n the sub-p lo t s 
9 combinat ions of t h r e e different n i t r o g e n doses and t h r e e different t i m e s of fertilization were 
s e t u p — similarly a t r andom —, so t h e fertilization t r e a t m e n t s were r e p e a t e d 27-times w i t h 
e a c h variety, i.e. a l t o g e t h e r 81-times in t h e exper iment . 
Fert i l izat ion t r e a t m e n t s of s u b - p l o t s : 
a ) T ime of app l i ca t i on (M) 
0 ( immedia te ly before sowing in a u t u m n ) 
1 (in winter, in t h r e e equal p a r t s . I n 1962 — 63 t w o equa l parts in sp r ing ) 
3 (at the e n d of winter) 
b ) Dose (N) 
0 (untreated con t ro l ) 
1 (87 kg/ha N ) 
2 (174 kg/ha N ) 
Combinat ions: 
ah 
1. 00 (in a u t u m n 0 ) 
2. 01 (in a u t u m n 87 kg/ha N) 
3. 02 (in a u t u m n 174 kg/ha N) 
4 . 10 (in w i n t e r 0 ) 
5. II (in w i n t e r , in 1962- 63 in s p r i n g 87 kg/ha N ) 
6. 12 (in w i n t e r , in 1962 — 63 in s p r i n g 174 kg/ha N ) 
7. 20 (at t h e e n d of winter 0 ) 
8. 21 (at t h e e n d of winter 87 k g / h a N) 
9 . 22 (at t he e n d of winter 174 k g / h a N) 
Autumn N-fer t i l iza t ion was a p p l i e d prior to t h e f i r s t sowing, w i n t e r top-dressing in 
1960 — 61 and 1961 — 62 in three e q u a l p a r t s (December 16th , J a n u a r y 1 3 t h , February 1 3 t h ; 
a n d December 1 3 t h . J a n u a r y 15th , F e b r u a r y 21st, respect ively) , whi le top-dress ing a t t h e 
e n d of the winter w a s applied on M a r c h 29th in 1962 a n d April 2nd in 1963 . 
In the crop y e a r of 1962 — 63 t h e actual rea l i za t ion of winter t op -d re s s ing u n d e r e x -
pe r imen ta l cond i t ions was impossible, because f rom N o v e m b e r 23rd t o M a r c h 11th t he a r e a 
w a s covered w i t h s n o w , and when i t suddenly mel ted t h e soil was too s o f t ; so we had t o b e 
c o n t e n t with t h e so lu t ion of app ly ing top-dressing on t w o occasions: o n Apr i l 5th and M a y 
2 4 t h . Thus in t h a t y e a r nitrogen a p p l i c a t i o n s subjected t o a comparison t o o k place ia a u t u m n , 
a n d a t the end of t h e winter in a s ingle dose, and in s p r i n g in two p a r t s , respectively. 
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Variet ies used in the e x p e r i m e n t s were h a r v e s t e d every y e a r w i t h a Massey—Ferguson 
combine in t h e foil]wing order of succession: S a n Pastore, B e s o s t a y a , Fertődi ( J u n e 30 th , 
J u l y 4th and J u l y 5th, 1961; J u l y 20th, Ju lv 2 4 t h a n d July 25 th , 1962; July 9th , J u l y 11th 
and Ju ly 16th, 1963). 
Grain yields of the 729 sub-p lo t s were col lected in separate sacks , stored in a g r a n a r y , 
t h e n weighed in an air-dry cond i t ion . Prior to ha rves t ing , samples requi red for t h e ana lys is 
of ears were t a k e n from each sub-p lo t . 
The course of data process ing of a single exper imen t , p r e p a r a t i o n of 2-dimension- and 
var iance tables e tc . have been discussed in ful l de ta i l by KOLTAY — O'svÁTH (1963), in some 
d e t a i l b y W E L L I S C H ( 1 9 6 1 ) a n d B A J A I — O ' S V Á T H — S Z A B Ó ( 1 9 6 2 ) . 
The expe r imen t s were of ident ical s t ruc tu re in all the three y e a r s , so the v a r i a n c e tab le 
summariz ing t h e results of t h e t h r ee years' e x p e r i m e n t series w a s n o t difficult to p r e p a r e . 
W h e n summar iz ing the years a new factor — " É " (years) — was invo lved r ep resen t ing the 
differences caused by the ind iv idua l years (and p l aces changing f r o m y e a r to year, r espec t ive ly) 
in the da ta of t h e same exper imen t s . As a resul t , in t h e summar ized var iance analys is of the 
exper iment series interactions of t h e various e f f e c t s and in te rac t ions wi th this " É " - f ac to r 
are also inc luded. 
Herewi th we express ou r t h a n k s to P e t e r Wellisch and J á n o s O'sváth sc ien t i f i c 
research workers for placing t he f o r m u l a s used in ca lcula t ing the s t a n d a r d error at our d i sposa l . 
Results 
The 21 two-d imens ion grain yield t a b l e s cons t ruc ted from 2187 bas ic 
d a t a of the t h r e e years ' expe r imen t series (basic data = k g grain yield of 1 
sub-plot) are presented in T a b l e 3. In t h e summarized two-dimension t a b l e s 
each value of t h e inner f ields represents t h e k g grain yield of 243 plots, t h e m a r -
g ina l value t h a t of 729 p lo ts , while the g r a n d to ta l shows t h e kg grain y ie ld of 
2187 plots. 
Analysis (made of s imple- and b i fac tor ia l interact ions) of grain yield d a t a 
is included in t h e variance t a b l e (Table 4) . 
The t a b l e of results of average effects was made of t h e basic data of t h e 
two-d imens iona l tables by a n adequa te recalculat ion. Grain yield was expressed 
in kg/ha, ear dens i ty in ear n u m b e r per m 2 , grain/ear va lue was reduced t o t h e 
n u m b e r of g ra ins per ear, a n d t h e sum of thousand-gra in w e i g h t basic d a t a t o 
t h e weight of 1000 grains (Table 5). 
Soil cu l t iva t ion t r e a t m e n t s caused no considerable d i f ferences in the g r a i n 
yields of e i ther t h e variety F e r t ő d i or the fore ign varieties. On the average of 
t h e three years soil p r e p a r a t i o n with a disc-harrow w i t h o u t ploughing w a s 
eventua l ly more efficient t h a n a deeper cu l t iva t ion , in s p i t e of the fac t t h a t 
seed-beds h a d t o be prepared in the first a n d second y e a r of the expe r imen t 
a f t e r Sudan grass as first c rop , and in t h e t h i r d year a f t e r a summer b a r l e y 
c rop u n d e r relat ively u n f a v o u r a b l e condi t ions . 
In t e rac t ion between soil cult ivation a n d nitrogen fer t i l iza t ion was n o t 
unambiguous . Grain yield differences found be tween the soil cult ivation t r e a t -
m e n t s wi thout fert i l izat ion decreased in t h e f i r s t and second , while increased 
in t h e thi rd y e a r as a react ion to nitrogen appl icat ion. 
On the ave rage of th ree yea r s due t o t h e order of var ie t ies chang ing 
f r o m year to y e a r differences in grain y ie ld between t h e varieties are n o t 
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Table 3 
Three years' summarized 2-dimension tables of grain yield data 
F V 
2566.9 2424.1 2207.9 7198.9 2342.9 2451.6 2404.4 7198.9 
2411.3 2368.5 2223.6 7003.4 T 2314.8 2393.0 2295.6 7003.4 
2383.3 2410.8 2068.0 6862.1 2227.6 2283.6 2350.9 6862.1 
7361.5 7203.4 6499.5 21064.4 6885.3 7128.2 7050.9 21064.4 
С 
I 
2469.3 2358.4 2371.2 7198.9 2367.9 2561.4 2269.6 7198.9 
2376.2 2270.6 2356.6 7003.4 T 2446.2 2368.5 2188.7 7003.4 
2307.6 2266.0 2288.5 6862.1 2442.2 2171.6 2248,3 6862.1 
7153.1 6895.0 7016.3 21064.4 7256.3 7101.5 6706.6 21064.4 
N M 
1902.3 2587.2 2709.4 7198.9 2377.9 2394.1 2426.9 7198.9 
1901.5 2508.9 2593.0 7003.4 T 2327.5 2309.2 2366.7 7003.4 
1853.9 2450.9 2557.3 6862.1 2278.4 2289.2 2294.5 6862.1 
5657.7 7547.0 7859.7 21064.4 6983.8 6992.5 7088.1 21064.4 
V с 
2416.4 2508.2 2436.9 7361.5 2469.5 2456.2 2435.8 7361.5 
2346.8 2437.9 2418.7 7203.4 F 2433.2 2348.1 2422.1 7203.4 
2122.1 2182.1 2195.3 6499.5 2250.4 2090.7 2158.4 6499.5 
6885.3 7128.2 7050.9 21064.4 7153.1 6895.0 7016.3 21064.4 
I N 
2496.8 2497.6 2367.1 7361.5 2044.7 2602.0 2714.8 7361.5 
2496.2 2425.8 2281.4 7203.4 F 1866.7 2602.7 2734.0 7203.4 
2263.3 2178.1 2058.1 6499.5 1746.3 2342.3 2410.9 6499.5 
7256.3 7101.5 6706.6 21064.4 5657.7 7547.0 7859.7 21064.4 
M С 
2453.8 2430.8 2476.9 7361.5 2362.3 2344.3 2178.7 6885.3 
2375.6 2405.6 2422.2 7203.4 V 2403.4 2292.9 2431.9 7128.2 
2154.4 2156.1 2189.0 6499.5 2387.4 2257.8 2405.7 7050.9 
6983.8 6992.5 7088.1 21064.4 7153.1 6895.0 7016.3 21064.4 
I N 
2368.7 2348.5 2168.1 6885.3 1842.3 2475.6 2567.4 6885.3 
2473.3 2338.3 2316.6 7128.2 V 1914.0 2564.2 2650.0 7128.2 
2414.3 2414.7 2221.9 7050.9 1901.4 2507.2 2642.3 7050.9 
7256.3 7101.5 6706.6 21064.4 5657.7 7547.0 7859.7 21064.4 
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M I 
V 
2267.9 
2371.2 
2344.7 
2288.7 
2360.8 
2343.0 
2328.7 
2396.2 
2363.2 
6885.3 
7128.2 
7050.9 
С 
2413.8 
2393.3 
2449.2 
2439.5 
2305.5 
2356.5 
2299.8 
2196.2 
2210.6 
7153.1 
6895.0 
7016.3 
6983.8 6992.5 7088.1 21064.4 7256.3 7101.5 6706.6 21064.4 
с 
1936.8 
1822.7 
1898.2 
2551.9 
2481.3 
2513.8 
N 
2664.4 
2591.0 
2604.3 
7153.1 
6895.0 
7016.3 
С 
2374.8 
2273.5 
2335.5 
2375.6 
2294.1 
2322.8 
M 
2402.7 
2327.4 
2358.0 
7153.1 
6895.0 
7016.3 
5657.7 7547.0 7859.7 21064.4 6983.8 6992.5 7088.1 21064.4 
I 
1980.0 
1918.3 
1759.4 
2587.8 
2538.7 
2420.5 
N 
2688.5 
2644.5 
2526.7 
7256.3 
7101.5 
6706.6 
I 
2395.1 
2361.6 
2227.1 
2415.2 
2359.9 
2217.4 
M 
2446.0 
2380.0 
2262.1 
7256.3 
7101.5 
6706.6 
5657.7 7547.0 7859.7 21064.4 6983.8 6992.5 7088.1 21064.4 
M 
1899.1 
1865.0 
1893.6 
2500.4 
2518.8 
2527.8 
N 
2584.3 
2608.7 
2666.7 
6983.8 
6992.5 
7088.1 
5657.7 7547.0 7859.7 21064.4 
signif icant . On the basis of t h e grain yields of the varieties i m p o r t a n t i n t e rac -
t ions can also be pointed o u t . W i t h o u t n i t r o g e n ferti l ization grain yields in t h e 
va r i e ty F e r t ő d i consistently exceeded those of the two o t h e r varieties i nd i ca t -
ing tha t u n d e r extensive condi t ions lower requirements a re advan tageous . 
Nitrogen appl ica t ion reduced the gra in yield di f ferences between t h e 
variet ies, a n d even reversed t h e order of succession. On t h e average of t h r e e 
years with a h igher level of n i t rogen Besos taya took the f i r s t p lace . The n u m b e r 
of ears was de te rmined b y t h e number of germinat ive seeds sown, and w a s 
reliably modi f ied by ni t rogen fer t i l izat ion in t h e first yea r on ly , f irst of all in 
t h e var ie ty F e r t ő d i which is inclined to s too l even in a dense s tand. On t h e 
average of t h e three years ear densi ty w a s t h e greatest in t h e var ie ty Be-
sos taya . As t o t h e number of grains per ea r t h e var iety F e r t ő d i was s t r ik ing ly 
good. San P a s t o r e showed h igh ear p r o d u c t i v i t y only in t h e favourable c rop 
yea r . The thousand-g ra in -we igh t of the va r i e t i e s ranged b e t w e e n wide l imi t s 
in the ind iv idua l years. R e g a r d i n g the t housand-g ra in -we igh t Besostaya was 
superior to t h e o ther two var ie t ies every y e a r . 
On t h e average of the yea r s a 6 cm d e p t h of sowing p r o v e d to be the b e s t . 
I n the win te r of 1962 63 sowing depth even affected overwin te r ing in t h e 
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Table 4 
Three years' summarized variance table 
Cause of va r i ab i l i t y 
Degree 
of i n d e -
p e n d e n c e 
Grain yield Ear /m* G r a i n / e a r T h o u s a n d -
gra in -weigh t 
MQ 
Years (É) 2 14 574.58 181 138.50 308 800 11 273.74 * * * 
Blocks (B) 8 61.52 223.00 12 426 99.66 * * * 
É X В 16 13.98 199.88 7 614 37.56 * • 
Main lots 
Soil cultivation ( T ) 2 39.24 * 212.00 NS 1 944 NS 66.42 * 
Varie ty (F ) 2 288.87 NS 5 282.00 NS 112 834 * 1 880.71 N S 
T X F 4 17.35 NS 557.25 * 2 450 NS 10.05 N S 
Dep th of sowing (V) 2 21.12 NS 318.00 NS 2 402 NS 21.89 N S 
T X V 4 8.87 NS 64.50 NS 354 NS 19.67 N S 
F X V 4 2.09 NS 193.75 NS 680 NS 16.67 N S 
Number of germs (C) 2 22.88 NS 12 856.50 *** 30 870 *** 207.21 a** 
T X С 4 3.52 NS 82.50 NS 5 478 * 18.94 N S 
F X С 4 6.78 NS 399.50 NS 1 602 NS 5.32 N S 
V X С 4 34.11 * 239.25 NS 2 373 NS 56.48 * 
Time of sowing (I) 2 110.22 *** 549.00 NS 6 787 NS 21.76 NS 
i (T X I) 2 33.28 ? 10.00 NS 795 NS 23.36 N S 
F X I 4 3.04 NS 61.25 NS 1 505 NS 28.72 NS 
V X I 4 10.27 NS 546.25 * 2 615 NS 9.43 NS 
С X I 4 6.10 NS 323.25 NS 2 074 NS 8.24 N S 
Years X main lots 
É X I 4 18.44 NS 422.00 ? 4 983 * 12.10 NS 
É X F 4 327.67 *** 26 449.50*** 15 300 *** 975.97 * * * 
É X T X F 8 5.64 NS 207.62 NS 2 343 NS 13.51 N S 
É X V 4 23.69 NS 113.00 NS 3 824 NS 37.40 * 
É X T X V 8 10.73 NS 238.88 NS 2 094 NS 13.86 N S 
É X F X V 8 9.37 NS 80.12 NS 1 489 NS 8.39 N S 
É X С 4 2.17 NS 256.50 NS 3 528 NS 31.61 ? 
É X T X С 8 5.79 NS 100.75 NS 2 776 NS 3.97 NS 
É X F X С 8 5.28 NS 386.75 * 1 700 NS 12.31 NS 
É X V X С 8 8.51 NS 170.62 NS 3 378 ? 5.79 NS 
É X I 4 24.34 NS 767.50 ** 11 191 *** 78.66 * * * 
É X é (T X I ) 4 5.48 NS 159.00 NS 1 162 NS 8.93 NS 
É X F X I 8 28.80 * 488.38 * 2 356 NS 30.00 * 
É X V X I 8 20.73 NS 301.62 NS 1 152 NS 10.99 NS 
T X С X I 8 7.86 NS 431.12 * 4 920 * 25.13 NS 
"a"-error 72 12.48 183.83 1 808 14.28 
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Cause of v a r i a b i l i t y 
D e g r e e 
of i nde -
p e n d e n c e 
Grain yield E a r / m ! Gra in / ea r T h o u s a n d -
gra in -weigh t 
MQ 
Sub-plots 
Nitrogen fer t i l izat ion (N) 2 1 946.96 * 1 384.50 NS 585 917 ** 28.26 N S 
T x N 4 4.61 NS 229.50 NS 342 NS 0.54 N S 
F x N 4 15.92 * 335.25 NS 1 894 NS 67.19 N S 
V X N 4 0.89 NS 128.00 NS 805 NS 1.08 N S 
С X N 4 1.21 NS 79.25 NS 1 072 NS 1.28 N S 
I X N 4 1.17 NS 218.50 NS 1 421 NS 0.91 
T ime of fer t i l izat ion 
(without sham t r e a t m e n t s ) 
(M) 2 6.30 NS 489.50 ** 1 047 NS 12.29 *** 
T X M 4 0.90 NS 95.75 NS 942 NS 0.97 N S 
F x M 4 0.73 NS 148.50 NS 734 NS 5.62 ** 
V X M 4 0.61 NS 366.50 * 1 184 NS 1.04 N S 
€ x M 4 0.40 NS 7.75 NS 343 NS 1.96 N S 
I X M 4 0.45 NS 66.25 NS 292 NS 2.84 N S 
N x M 
(wi thout sham t r e a t m e n t s ) 2 1.88 NS 25.00 NS 67 NS 0.05 N S 
Years X sub-plots 
É x N 4 221.25 *** 542.75 *** 17 311 *** 19.70 *** 
É x T x N 8 11.32 *** 58.50 NS 1 900 ** 3.60 ? 
É x F x N 8 3.88 *** 501.75 *** 5 364 *** 29.90 *** 
É x V x N 8 0.36 NS 25.50 NS 920 NS 2.15 N S 
É x С X N 8 3.14 ** 18.50 NS 1 190 ? 1.23 N S 
É x I X N 8 3.64 *** 173.00* 1 291 * 0.80 N S 
É x M 4 15.46 *** 110.25 NS 1 186 ? 2.72 N S 
É x T X M 8 0.74 NS 124.25 NS 705 NS 1.03 N S 
É x F x M 8 0.56 NS 51.75 NS 1 335 * 0.83 N S 
É x V X M 8 0.63 NS 28.88 NS 656 NS 0.89 N S 
É x С x M 8 1.65 ? 43.00 NS 412 NS 1.54 N S 
É X I X M 8 0.71 NS 83.75 NS 269 NS 0.60 N S 
É x N X M 4 1.16 NS 91.00 NS 219 NS 2.11 N S 
A m o n g sham t r e a t m e n t s 492 0.94 78.95 573 1.52 
" b " - e r r o r 1314 0.89 
1 
84.70 630 1.43 
*** = s ign i f i can t at the p robab i l i t y level of P = 0 .1% 
** = s ign i f ican t a t the p r o b a b i l i t y level of P = 1% 
* = s ign i f i can t at the p r o b a b i l i t y level of P = 5 % 
NS = non signif icant 
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Table 5 
Table of results of common effects on the average of three years (1960/61, 1961/62 and 1962/63) 
F a c t o r 
Gra in y ie ld E a r / n * Grain/ear T h o u s a n d -
g ra in -we igh t 
k g / h a % no. % no. 0/ g % 
Factors of main plots 
Soil cul t iva t ion (T) 
shallow (disc) 3432 100 497 100 21.77 100 40.32 100 
m e d i u m (20 cm) p loughing 3339 97 493 99 21.45 98 39.98 99 
deep (25 cm) ploughing 3271 95 502 101 21.55 99 39.73 98 
S.d. P = 5 % 129 12.3 1.03 0.40 
Variety (F ) 
F e r t ő d i 293 3509 100 490 100 22.49 100 40.05 100 
Besos taya 1 3434 98 525 107 20.17 90 41.60 104 
San P a s t o r e 3098 88 477 97 22.10 98 38.39 96 
S.d. P = 5 % 914 148.1 1.80 4.54 
Depth of sowing (V) 
4 c m 3282 100 499 100 21.80 100 39.83 100 
6 cm 3398 104 503 101 21.47 98 40.17 101 
8 c m 3361 102 491 98 21.50 99 40.03 100 
S.d. P = 5 % 129 12.3 0.45 0.89 
Number of germs (C) 
F e r t . Bes. SP . 
4.52 5.04 6.43 mil/ha 3410 100 465 100 22.29 100 40.58 100 
5.04 5.56 6.95 3287 96 491 106 21.46 96 39.94 98 
5.56 6.08 7.47 3345 98 537 115 21.01 94 39.52 97 
S.d. P = 5 % 129 12.3 0.45 0.40 
Time of sowing (I) 
1960. 1961. 1962. 
1 .20 Oct . 2 Nov. 11 Oct . 3459 100 502 100 21.94 100 40.19 100 
2. 27 Oct . 4 Nov. 23 Oct . 3385 98 501 100 21.41 98 39.84 99 
3. 4 Nov . 10 Nov. 5 Nov . 3197 92 489 97 21.41 98 40.00 99 
S.d. P = 5 % 129 25.2 1.54 1.29 
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F a c t o r 
Grain yield E a r / ' Gra in / ea r T h o u s a n d -
gra in-weight 
kg /ha 0/ /О n o . % no. % g % 
Factors of sub-plots 
Nitrogen (N) 
0 2697 100 484 100 18.34 100 39.94 100 
87 kg/ha N 3598 133 504 104 22.86 125 40.23 101 
174 kg/ha N 3747 139 504 104 23.56 128 39.86 100 
S.d. P = 5 % 752 29.5 1.91 0.64 
Time of fertilization (M) 
A u t u m n 3329 100 500 100 21.58 100 40.19 100 
W i n t e r 3333 100 490 98 21.52 100 39.87 99 
E n d of winter 3379 101 502 100 21.67 100 39.97 99 
S.d. P = 5 % 199 8.2 0.26 0.13 
I n t he crop year of 1962/63 fertilizer doses planned to b e d is t r ibuted du r ing t he winter 
were appl ied in spring in t w o parts . 
va r i e ty San Pastore wh ich was shown b y a 32 p e r c e n t surplus g ra in yield as 
compared to s tands sown less deep. 
Changes in t h e n u m b e r of g e r m s resulted in n o significant g ra in yield 
d i f ferences either in t h e same year or on the average of t h e three y e a r s . More-
over, on t h e average of b o t h years a n d varieties t h e lowest n u m b e r of germs 
resu l ted in the h ighes t yield t h o u g h by low a n d n o t reliable surpluses . 
Accordingly , 432 g e r m s of the v a r i e t y Fer tődi , 504 of t h e Besostaya a n d 643 
germs per m2 of the San Pas tore were sufficient to deve lop the o p t i m u m s tand 
dens i ty . On the average of the years t h e lowest n u m b e r of germs m e n t i o n e d 
resul ted in 457 ears in t h e var ie ty F e r t ő d i , 480 in Besos t aya and 458 in San 
Pas to re pe r m2 , and t h e s e ear densi t ies gave m a x i m u m grain yields. T h o u g h 
t h e n u m b e r of ears grew propor t iona l ly w7ith the inc reased number of germs, 
a t t h e s a m e t ime ear p roduc t iv i t y a n d thousand-gra in-weigh t decreased. 
On t h e average of th ree years s t a n d s sown re l a t ive ly early y ie lded 262 
kg/ha m o r e grains t h a n t h a t sown t h e l a t e s t , which p r o v e s the great impor t ance 
of t h e o p t i m u m t ime of sowing in t h e case of intensive var ie t ies as well. 
E a c h year , and also on the ave rage of the years n i t rogen appl ica t ion was 
t h e m o s t efficient of all f ac to rs examined in increasing t h e grain yield. On the 
average of bo th the t h r e e years and all t h e other f a c t o r s , 87 kg/ha N-ac t ive 
agent resu l ted in 33 p e r c e n t (901 k g / h a ) and 174 k g / h a N-active a g e n t in 
39 pe rcen t (1050 kg /ha) grain yield surp lus . 
Ni t rogen appl ica t ion increased re l iably the ear n u m b e r of t h e va r i e ty 
Fe r tőd i on ly in the f i r s t year , while p roduc t ive s tool ing in the var ie t ies Be-
8* Acta Agronomica Academiae. Scientiarum Hungaricae 20, 1971 
3 6 2 Á. K O L T A Y 
i s o s t a y a and San P a s t o r e was ins ign i f ican t every year . Ni t rogen applicaton 
i n c r e a s e d in each case t h e p r o d u c t i v i t y of ears, t h a t is, the ears deve loped more 
g r a in s . In all the t h r e e varieties t h e decisive p ro p o r t i o n of t h e su rp lus grain 
y i e ld resulted f r o m t h e increased n u m b e r of gra ins per ear. Thousand-gra in -
w e i g h t was a f u n c t i o n of var iety a n d season, and was no t s igni f icant ly modified 
b y t h e nitrogen fer t i l iza t ion. 
A m o n g the agrotechnical f a c t o r s examined, t h e t ime of n i t r o g e n applica-
t i o n a f fec ted the a m o u n t of yield t o t h e lowest e x t e n t . I t s in f luence was practi-
ca l ly insignif icant . E a r density a n d ea r p roduc t iv i ty were not r e l i ab ly modified 
b y t h e t ime of n i t r ogen appl ica t ion either. 
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INHERITANCE OF EARLINESS AND PLANT HEIGHT 
IN A TWELVE-PARENT DIALLEL CROSS 
OF UPLAND JUTE 
By 
M . A . R A H M A N , A . M . E U N U S 
D E P A R T M E N T OF B O T A N Y , R A J S H A H I U N I V E R S I T Y , R A J S H A H I 
The i n h e r i t a n c e of earliness a n d p lan t he ight was studied in a 12 -pa ren t diallel 
cross of Corchorus olitorius L. us ing F j da ta . For earliness, the var ie t ies C.G., 0 — 5, 
Desimasua, 0 — 753, Chinese olitorius a n d R-26 showed the presence in m a j o r i t y of 
recessive genes, whereas the var ie t ies 0 — 632, 0 — 6E, Wi ld olitorius Assam a n d Olitorius 
Coembator t h a t of dominant genes. Fo r p lan t he igh t , the varieties 0 — 632, 0 —6E, 
Wild olitorius Assam, olitorius Coemba to r and Chi t t agong wild j u t e c o n t a i n e d more 
dominan t genes, whereas C.G., 0 — 753, 0 — 5, Des imasua and R-26 were in excess of 
recessive genes. On an overall basis, earliness and p l a n t height were f o u n d to be con-
trolled by b o t h d o m i n a n t and recessive genes. While t h e contr ibut ion t o p l a n t height 
of dominan t a n d recessive genes was equal , the con t r ibu t ion to earl iness of dominan t 
genes was m o r e t h a n tha t of recessive genes. F ive dominan t e f fec t ive f ac to r s were 
found to cont ro l earliness, whereas eighteen and t w e n t y - o n e d o m i n a n t f ac to r s were 
involved in condi t ion ing plant he igh t . Transgress ive segregation has been indicated for 
p l an t height in t h e a r ray 9, where Wild j u t e is t he r ecu r r en t paren t a n d for earliness 
in the arrays 2, 3, 6 and 8 where C.G., 0 — 753, Chinese olitorius a n d R . 26 are re-
spectively r e c u r r e n t parents . H e r i t a b i l i t y was ca lcu la ted for earliness t o be 53% in 
12-parent a n d 6 6 % in 9-parent analys is , whereas i t w a s determined f o r p l a n t height, 
to be 21% in 12-paren t and 35% in 8 -pa ren t analysis . 
Introduction 
J u t e is an i m p o r t a n t cash crop of Pak i s t an . Considerable gene t ic studies 
h a v e been made on t h e qua l i ta t ive charac te r of t h e crop, b u t v e r y little is 
k n o w n a b o u t the inher i t ance of its q u a n t i t a t i v e cha rac t e r . Most of t h e economic 
c h a r a c t e r s are, however , quan t i t a t i ve in na tu re a n d in order to e x e c u t e success-
fu l breeding p r o g r a m m e s for the i m p r o v e m e n t of such charac ters , i t is essential 
to acqu i re i n fo rma t ion about the m o d e of their inhe r i t ance . 
T h e q u a n t i t a t i v e character is control led b y polygenes, b u t t h e effects of 
such an individual gene are too smal l t o be recognized a n d eva lua ted separa te ly . 
S ta t i s t i ca l me thods h a v e been developed to deal w i th t h e average effects of 
these genes ( F I S C H E R 1 9 1 8 , F I S C H E R — I M M E R T E D I N 1 9 3 2 , M A T H E R 1 9 4 9 , 
A N D E R S O N K E M P T H O R N E 1 9 5 4 , C O C K E R H A M 1 9 5 4 , J I N K S 1 9 5 4 , H A Y M A N 
1 9 5 4 , H A Y M A N M A T H E R 1 9 5 5 , H A Y M A N 1 9 5 8 ) . Dial lel cross ana lys i s is one of 
t h e s ta t is t ical m e t h o d s developed a n d used to f i n d out the b reed ing value of 
p a r e n t s for t h e c h a r a c t e r control led b y polygenes in both self- a n d cross-
po l l ina ted p lan ts ( H A Y M A N 1 9 5 4 , J I N K S 1 9 5 4 , J O H N S O N — A K S E L 1 9 5 9 , C O O K E — 
M A T H E R 1 9 6 2 ) . Dia l le l cross s t u d y involves t h e f i r s t filial genera t ion with or 
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w i t h o u t the parents . A review of publ ica t ions in t h e f ie ld reveals t h a t biometr ical 
t echn iques for diallel cross analysis are efficient m e a n s of ob ta in ing a rapid 
overal l p ic ture of t h e genetical cont ro l of q u a n t i t a t i v e characters in a n u m b e r of 
inbred lines. These t echn iques also t h r o w light on t h e genetical basis of heterosis 
in F J progeny of t h e s e lines ( H A Y M A N 1 9 5 4 , 1 9 5 7 , H A Y M A N M A T H E R 1 9 5 5 , 
J I N K S 1 9 5 4 , 1 9 5 5 , J O H N S O N A K S E L 1 9 5 9 , A K S E L J O H N S O N 1 9 6 1 , E U N U S 
J O H N S O N — A K S E L 1 9 6 2 , C O O K E M A T H E R 1 9 6 2 , J O H N S O N E U N U S 1 9 6 4 , H I L L 
1 9 6 4 ) . Considering t h a t genetical s tud ies of q u a n t i t a t i v e charac te rs may be 
useful in executing successfully t h e breeding p r o g r a m m e for the i m p r o v e m e n t 
of j u t e , t h e present s t u d y on " i nhe r i t ance of ear l iness and p lan t he ight in a 
twe lve -pa ren t diallel cross of u p l a n d j u t e (Corchorus olitorius L ) " was under-
t a k e n . 
Material and Method 
Twelve varieties of Corchorus olitorius were selected for t he s tudy. The fol lowing pure 
seeds of t he varieties w e r e supplied by P a k i s t a n Central .Tute Research In s t i t u t e : 
1. 0 - 6 3 2 ( la te) 
2. C.G (ear ly) 
3. 0—753 (ear ly) 
4. 0 — 5 (ear ly) 
5. 0 —6E (med ium- la t e ) 
6. Chinese oli torius (ear ly) 
7. Desimasua (med ium- la t e ) 
8. R-26 (med ium- la t e ) 
9. Wild ju te ( la te) 
10. Wild olitorius ( la te) 
11. Assam Chi t t agong 
wild ju te (ear ly) 
12. Olitorius C o e m b a t o r . . . . ( la te) 
Twelve parents w e r e sown in po ts a t t h e end of M a y , 1965. Crosses were m a d e in a l l 
possible combinat ions w i t h o u t reciprocals, giving a t o t a l of 66 cross-progenies. T h e sixty six 
F j progenies along w i t h t w e l v e parents were r andomly ass igned t o rows in each of t h r ee blocks 
in t he f ield a t the a d v e n t of t he monsoon season in 1966. T h e space between rows was one foo t 
and t h a t between p l a n t s in a row was f o u r inches. There were 61 plants in a r ow of which 2 
p l an t s on either side of e a c h row were t r e a t e d as non-exper imen ta l . The da te of f lowering was 
no ted for each plant s e p a r a t e l y . At the t i m e of flowering, p l a n t height was m e a s u r e d in inches 
f rom the base to the p o i n t of bifurcat ion occurr ing due t o f lower ing . 
Diallel t echniques of HAYMAN (1954) a n d JINKS (1954) were usually u s e d to es t imate 
the genet ic pa ramete r s D , H 1 5 H 2 , h2 a n d F as defined b y JINKS (1954), who fol lowed the no-
t a t i on of MATHER (1949). A s tandardized dev ia t ion g raph fo r t h e parenta l m e a s u r e m e n t s and 
orders of degree of d o m i n a n c e was d rawn following the m e t h o d s of JOHNSON —AKSEL (1959). 
The single array ana lys is was based on e r ro r equa t ions equ iva l en t to those developed b y 
J I N K S ( 1 9 5 5 ) a n d A K S E L — J O H N S O N ( 1 9 6 1 ) , a s f o l l o w s : 
4 Var. (d) + V a r . (ep) - Var . x p = E t 
2 Var. ( d ) + 2 Côv. (d) (h) + 1/n Vâr. (e p) - Gov. k p k r = E 2  
V a r . (d) - f 2 Côv. (d) (h) + Vâ r . (h) -f 1/n V â r . ( e p ) 
- f (n — 1) (n Vâr. (e0) — Var . x r = E 3 
1/n Vâr . (ep) + ( n - 1) (n Vâr . (e 0) - Var . (e r) = E 4 
1/n Vâ r . (e p) — Cov. ( e p e r ) = E 5 
Vâr. ( e p ) — Var . (e p) = E c 
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E a c h array, i nc lud ing the cor responding self and t h e set of non- recur ren t pa ren t s 
was t rea ted as a separate expe r imen t . In t h e above equat ions , (d ) and (h) represen t respectively 
the a lgebra ic sums of a d d i t i v e and d o m i n a n c e effects of genes affect ing t h e me t r i c aspects 
of ea r l iness and of p lan t h e i g h t ; (ep), (e r ) a n d (e0) are the env i ronmen ta l c o m p o n e n t s of va-
r ia t ion in parenta l , o f f sp r ing (self included) a n d offspring (self excluded) a r r a y s ; Var . x p and 
Var . X, are the var iances of the means o v e r replications of pa r en t a l and o f f sp r ing arrays; 
Cov. Xp x r is the co-variance of the means of p a r e n t s and of f spr ings , and Gov. ( e p e r ) is the co-
var iance of the env i ronmen ta l variations of p a r e n t s and o f f sp r ings ; E, (i = 1, 2, . . . 6) a re 
the corresponding errors. S u c h a set of six e q u a t i o n s with f ive u n k n o w n s based on the parent 
set and its offsprings f r o m crosses with t h e s a m e parents ( r ecu r r en t ) was solved individual ly 
for each a r r a y by the least s q u a r e methods. Ej2 multiplied by mul t ip l ie rs for Var . (d) , Cov.(d, h), 
Var . (h), Var . (ep) and Va r . (e 0 ) provided t h e respect ive error var iances . 
Results 
Earliness 
General analysis. Var iance of each array (V r) a n d co-var iance between 
p a r e n t s and their p rogen ies in each a r r a y (W r) were calculated. T h e regression 
coeffecient was e s t ima ted and found t o be 0.6121 ± 0.0836 (Fig. 1). Thus the 
regression coefficient d i f f e r s s igni f icant ly from zero a n d f rom un i ty , indicat ing 
some non-allelic genie in teract ion. T h e significant v a l u e of t2 (Lo. 95) also 
indica ted non- fu l f i lment of some of t h e postula ted assumpt ions on which the 
diallel t echn ique of ana ly s i s was b a s e d . 
A parabola , = V p V r , where V p is the v a r i a n c e of the p a r e n t s and 
V r is t h e var iance of t h e rtli a r ray, w a s drawn (F ig . 1). The regression line 
w r 
Fig. 1. (Wr, Vr) graphs w i t h regression lines of Wr on Vr for ear l iness . Continuous l ines with 
solid dots represent 12-parent analysis, whe reas broken lines a n d do t s with circle represent 
9 -pa ren t analysis 
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d r a w n th rough t h e p o i n t (Vr, W r) p a s s e d above t h e po in t of origin a n d deviated 
s ign i f i can t ly f rom t h e line of u n i t s lope, ind ica t ing the p robable presence of 
c o m p l e m e n t a r y genie in terac t ion . A s t h e arrays 2, 6 and 8 showed t h e highest 
d e v i a t i o n s in (W r V r ) , re-analysis was made, excluding these t h r e e arrays. 
t2 = 0.2623 ind ica tes probable f u l f i l m e n t of t h e pos tu la ted a s s u m p t i o n s on 
w h i c h t h e diallel t e chn ique of ana lys i s was ba sed . Regression coefficient of 
b = 0.8335 i 0.1479 also did n o t d i f f e r s ignif icant ly from u n i t y . T h e V r, W r 
g r a p h was d rawn a n d the regression line d rawn t h r o u g h the p o i n t (Vr, W r ) 
pa s sed above the p o i n t of origin. R e m o v a l of a n y o t h e r array d id n o t improve 
t h e b value. 
I n the e x a m i n a t i o n of t h e co-ord ina te V r , W r values, t h e g raph shows 
t h a t var ie t ies n u m b e r e d 1, 5, 10 a n d 12 appeared t o possess an excess of dom-
i n a n t genes, whereas varieties 7, 9 and 11 were associated w i th an excess of 
recess ive genes. 
S tandard ized devia t ion g r a p h s of paren ta l measu remen t s (Y r ) and orders 
of degree of d o m i n a n c e (W r -f- V r) were drawn (Fig . 2) in o rder t o de termine 
w h e t h e r dominance a n d recessiveness were due t o an excess of posi t ive or of 
n e g a t i v e genes. T h e graphs i nd i ca t e t h a t dominance was due t o an excess of 
p o s i t i v e genes in all variet ies showing dominance , whereas va r i e t i e s exhibit ing 
an excess of recessive genes genera l ly possessed an excess of n e g a t i v e genes, 
e x c e p t for the v a r i e t y 9 which possessed an excess of pos i t ive genes. The 
coef f ic ien t of corre la t ion (r) b e t w e e n the p a r e n t a l m e a s u r e m e n t s (Yr) a n d 
W r+Vp 
к
 11 
1 
©7 7 
* . 3 
© 4 
2® 
a 4 
• 2 
• 8 
®9 
1 a 1 1 1 ' 
11 ®12 
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•12 
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 @ 1 
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Fig. 2. S tandard ized deviat ion g raphs of parenta l m e a s u r e m e n t s (V r ) a n d orders of degree 
of dominance (И"
г
 -j- Vr) for earliness. Solid dots r ep resen t 12-parent ana lys i s , whereas d o t s 
with circle represen t 9 -pa ren t analysis 
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orders of degree of dominance ( W r -f- Vr) were f o u n d to be 0 .7479 in 12-
p a r e n t analysis, a n d 0.7690 in 9 - p a r e n t analysis indicat ing t h e presence of 
excess posi t ive d o m i n a n t genes in pa ren t s . 
T h e c o m p o n e n t s of var ia t ion a n d their p ropor t ions are g iven in Table 1. 
The ave rage degree of dominance w a s es t imated b y (H1/D)''% 2 ( V I L I / W 0 L 0 I —х/2) 
Table 1 
Components of variation for earliness 
Components of variat ion Proportional values 
Including all a r r ays Arrays 3, 6 a n d 8 
excluded 
Iuc luding all arrays 
Arrays 3, 6 
and 8 
excluded 
h * 
Ê 
( D - H T ) 
106.83 ± 4.8303 
38.88 ± 8.4236 
127.82 ± 7.4301 
104.34 ± 6.1846 
445.59 ± 4.1333 
1.49 ± 1.0099 
— 19.99 ± 6.1311 
82.02 ± 1.7233 
43.60 ± 4.0224 
81.34 ± 3.8065 
60.32 ± 3.2741 
10.14 ± 2.1725 
1.16 ± 0.5429 
6.14 ± 9.7132 
( H T / D ) ' / ' 
(H 2 /4H, ) 
[ ( 4 D H , ) ' !  
- F ] 
h V H s 
2(V i l i /W o l c 
U L I / ^ O L O I 
+ F ] / [ (4DHt ) 
- y 2 ) 
1.0569 
0.2040 
1.3991 
4.2705 
1.2402 
1.1201 
0.9958 
0.1853 
1.7365 
0.1681 
0.9766 
0.9883 
Her i tab i l i ty - [ 7 4 Ь / ( ' / 4 Ь -f ' / „ H j — V 4 F + Ê)] = 5 3 % in 12-parent a n d 66% in 
9 - p a r e n t p l a n t s 
and b y V I L I /W 0 L 0 I . I n 12-parent ana lys i s ( H J D ) ' ^ indicated c o m p l e t e domin-
ance, whereas V I L I a n d W 0 L 0 I p ropo r t i ons ind ica ted the presence of over-
d o m i n a n c e , which was s u b s t a n t i a t e d b y a s ignif icant difference in (D Hj) . 
In 9 - p a r e n t analysis all t h e three p ropor t ions i nd i ca t ed complete dominance 
which was conf i rmed b y the non-s igni f icant d i f ference in (D H J . 
T h e f rac t ion H . j / d H j measures t h e propor t ion of genes with pos i t ive and 
n e g a t i v e effects in p a r e n t s . The v a l u e of 0.2040 in 12-parent and t h a t of 0.1853 
in 9 - p a r e n t analysis sugges t a s y m m e t r y at loci showing dominance . T h e ratio, 
[ ( D D H J ) '2 + F ] I [ ( 4 D H J ) 1 / ! — F ] m e a s u r e s the p ropor t i on of d o m i n a n t and 
recessive genes in p a r e n t s . In the p r e s e n t case, t he d o m i n a n t genes w e r e shown 
to be in excess, the v a l u e for the r a t i o be ing 1.3991 a n d 1.7365, r espec t ive ly for 
12-paren t and 9 -paren t diallels. The s igni f icant pos i t ive F values in b o t h cases 
p rov ide t h e same i n f o r m a t i o n . The r a t i o , h 2 /H 2 measures the n u m b e r of groups 
of genes in pa ren t s showing d o m i n a n c e for the c h a r a c t e r unde r s t u d y . The 
presen t va lue being 4 .2705 in 1 2 - p a r e n t analysis suggests t h a t a t leas t f ive 
groups of d o m i n a n t genes were i n v o l v e d in condi t ioning earliness. I n 9 -paren t 
analysis h 2 / H 2 did no t p rov ide any i n f o r m a t i o n . Her i tabi l i t ies were de t e rmined 
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Table 2 
Result of single array analysis for earliness 
Measured f r o m sowing to f l ower ing 
C o m p o n e n t s of var ia t ion 
А г г a V s 
a n d rat io 
l 2 3 4 5 6 
Var . (d)  26.8156 26.8213 26.8050 26.8272 26.8255 26.8126 
±0 .7020 ± 2 . 6 9 2 4 ±2.4815 ± 1 . 6 8 4 1 ± 0 . 6 1 2 9 ±3.0717 
Cov. (d. h)  — 21.9462 7.9316 - 0 . 9 8 9 9 — 1.5260 - 1 6 . 7 9 9 3 2.3177 
±1 .9579 ± 7 . 5 0 9 4 ±6.9211 ± 4 . 6 9 8 3 ± 1 . 7 0 9 6 ±8.5673 
V a r . (h)  28.0803 34.3482 47.9112 17.2286 11.7788 56.3304 
± 3 . 4 9 7 3 ± 1 3 . 4 1 3 3 ±12.3626 ± 8 . 3 9 0 3 ± 3 . 0 5 3 8 ±15.3029 
Va r . (ep)  0.2644 0.2587 0.2750 0.2528 0.2545 0.2674 
±1 .9827 ± 7 . 6 0 4 2 ±7.0082 ± 4 . 7 5 8 6 ± 1 . 7 3 1 7 ±8.6754 
Va r . (e0)  1.8787 2.5516 2.3999 4.4773 2.9502 4.6161 
±2 .1778 ± 8 . 3 5 2 6 ±7.6982 ± 5 . 2 2 4 7 ± 1 . 9 0 1 6 ±9.5289 
[Var.(h)/Var.(d)]1 '2 . . . 1.0262 1.1316 1.3368 0.8013 0.6631 1.4494 
± r ( h ) / ( d )  — 0.7997 0.2615 - 0 . 0 2 7 6 0.0710 - 0 . 9 4 5 3 0.1887 
A r r a y s 
C o m p o n e n t s of va r i a t i on 
a n d ra t io 
7 8 9 10 il 12 
V a r . (d)  26.8156 26.8168 26.8181 26.8225 26.8212 26.8208 
±2 .2426 ± 2 . 6 6 0 3 ± 1 . 1 2 3 3 ±0 .5792 ± 1 . 5 2 8 2 ±1.0372 
Cov. (d. b)  6.7520 - 1 . 7 5 6 2 - 7 . 8 7 9 8 — 20.5674 - 3 . 6 7 5 1 - 1 3 . 4 4 0 3 
±6.2551 ± 7 . 4 8 7 1 ±3 .1331 ± 1 . 5 9 6 3 ± 4 . 2 6 2 4 ±2 .8930 
V a r . (h)  24.4024 42.6211 16.2407 19.7856 20.4353 23.2236 
±11 .1729 ± 1 3 . 2 5 3 7 ±5 .5964 ±2 .8514 ± 7 . 6 1 3 6 ±5 .1675 
V a r . (ep)  0.2644 0.2632 0.2619 0.2575 0.2588 0.2592 
±6 .3341 ± 7 . 5 1 3 6 ±3 .1727 ±1 .6164 ± 4 . 3 1 6 2 ±2 .9294 
V a r . (e„)  2.0252 2.6984 1.7160 1.1564 1.8130 1.5540 
±6 .9597 ± 8 . 2 5 3 2 ±3 .4849 ±1 .7756 ± 4 . 7 4 1 0 ±3 .2179 
[Var.(h)/Var.(d)] ' '2 . . . 0.9537 1.2606 0.7778 0.8588 0.8728 0.9304 
± l ( h ) / ( d )  0.2639 j —0.1642 - 0 . 3 7 7 7 - 0 . 8 8 0 0 - 0 . 1 5 7 0 0.5386 
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wi th t h e method of C R U M P A C K E R — A L L A R D (1962), and they were f o u n d to be 
53 a n d 6 6 % , respec t ive ly in 12 -pa ren t and 9 -pa r en t diallels. 
Single array analysis. Resul ts of single a r ray analys is in which t h e paren-
t a l se ts have been considered s e p a r a t e l y for each a r r a y , are shown in Tab le 2. 
I t s epa ra t e s Var. (d) , Cov. (d, h), V a r . (h), error va r i ance for p a r e n t s (ep), for 
o f f spr ing (e0) in each a r r a y . The a v e r a g e degree of dominance in each a r ray is 
m e a s u r e d by the t e r m [Yar. (h)/(Var. (d)] '% whereas correlation b e t w e e n Var. 
(d) a n d Var . (h) is measured by t h e t e rm J^ r(h) / (d) . Overdominance was 
i nd i ca t ed in arrays 2, 3, 6 and 8 a n d p a r t i a l dominance in the r ema in ing arrays 
excep t t h e array 1 w h i c h exhibited comple te dominance . 
T h e Cov. (d, h) va lues indicate t h a t the r ecur ren t paren ts of t h e a r rays 1, 
5, 9, 10 and 12 were associated wi th a n excess of d o m i n a n t genes, w h e r e a s the 
r ecu r r en t paren ts of t h e remaining a r r a y s indicated t h e possession of dominan t 
and recessive genes in equal p ropor t ions . 
Plant height 
General analysis. T h e Vr and W r values t o g e t h e r with t he i r regression 
coeff ic ient were ca l cu la t ed for all t h e 12 arrays a n d t h e (Vr, W r ) g r a p h was 
d rawn (Fig. 3). The regress ion line pa s sed above the po in t of origin and dev ia t ed 
wr 
• 1 
Fig. 3. ( F r , Vr) graphs w i t h regression lines of F r on Vr for p l a n t height. Cont inuous lines 
with solid do t s represent 1 2 - p a r e n t analysis, w h e r e a s broken l ines and dots wi th circle 
represent 8 - p a r e n t analysis 
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s igni f icant ly f r o m t h e unit slope indicat ing t h e presence of c o m p l e m e n t a r y 
genie in terac t ion . As most s ign i f icant deviat ions in (W r — Vr) occur red in t h e 
a r r a y s 1, 3, 7 a n d 10, re-analysis w a s made, exc lud ing these f o u r pa ren t s and 
t h e i r progenies. T h e regression coeff ic ien t of b = 0.9333 ^ 0.4015 did not differ 
f r o m uni ty . The regress ion line d r a w n through t h e po in t (Vr, W r ) , passed below 
t h e po in t of or igin . Removal of a n y other a r r a y did not improve t h e b value. 
® Á 
12 ® 
12 
• 5 
R® 
• Б 
® 8 
' •Shi 
® 
• 1 
•10 
Fig. 4. S t a n d a r d i z e d deviation g r a p h s for plant he igh t . Solid dots r ep resen t 12-parent 
ana ly s i s , whereas do ts w i t h circle r ep re sen t 8-parent analysis . 
E x a m i n a t i o n of the co -o rd ina te Vr, W r va lues in the g r a p h s shows t h a t 
t h e varieties n u m b e r e d 5, 9, 11 a n d 12 showed an excess of d o m i n a n t genes a n d 
t h e varieties 8, 4 a n d 2 exhib i ted an excess of recessive genes. 
The s t a n d a r d i z e d dev ia t ion graph of p a r e n t a l m e a s u r e m e n t s (Yr) and 
pa ren t a l orders of dominance ( W r -j- Vr) i nd ica te s t ha t d o m i n a n c e in t h e 
var ie t ies 5, 11 a n d 12 was due t o an almost equa l propor t ion of positive and 
nega t i ve excess d o m i n a n t genes , recessiveness in the va r ie ty 8 was due to an 
e q u a l p ropor t ion of negat ive a n d positive excess recessive genes, whereas 
recessiveness in 2 and 4 was d u e t o an excess of posit ive and of nega t ive reces-
s ive genes, respect ively . The v a r i e t y 9 possessed excess pos i t ive dominan t 
genes (Fig. 4). 
The co r re l a t ion coefficient (r) between t h e paren ta l m e a s u r e m e n t s (Yr) and 
t h e parental o r d e r s of dominance (W r + V r ) were found to b e 0.5196 a n d 
0.5283, respec t ive ly in 12-paren t and 8 -pa ren t analysis i nd ica t ing the presence 
of an equal p ropor t i on of pos i t i ve and n e g a t i v e dominant genes in p a r e n t s . 
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T h e components of var ia t ion and t h e i r propor t ions a re given in T a b l e 3. 
In 12-parent analysis, all t h e three p ropor t ions , (Hj/D)' '*, 2 ( V I L I / W O L O 1 
and (V,L I /WO L O j) ind ica ted ove rdominance which was suppor t ed b y a signif-
icant d i f ference in (D H j ) . Af te r t h e removal of t h e fou r arrays showing 
Table 3 
Components of variation for plant height 
Components of variat ion Propor t iona l values 
Notation Including all arrays A r r a y s 1, 3, 7 and 10 
excluded 
Including all a r r a y s 
A r r a y s 1, 3 , 
7 a n d 10 
e x c l u d e d 
D 
F 
H 
H Í 
h 2 
Ê 
( D - H , ) 
0 . 8 7 ± 0 . 1 2 6 1 
0 . 0 6 ± 0 . 2 1 9 9 
2 . 8 5 ± 0 . 1 9 4 0 
2 . 4 4 ± 0 . 1 6 1 5 
5 0 . 5 4 ± 0 . 1 0 7 9 
0 . 1 0 ± 0 . 0 2 6 3 
— 1 . 3 9 ± 0 . 1 6 1 2 
0 . 9 4 ± 0 . 0 2 4 3 
- 0 . 0 8 ± 0 . 1 8 2 5 
1 . 2 6 ± 0 . 1 7 7 4 
1 . 0 0 ± 0 . 1 5 4 3 
1 9 . 2 3 ± 0 . 1 0 0 8 
0 . 1 0 ± 0 . 0 2 5 2 
— 0 . 3 2 ± 0 . 4 5 7 6 
( H i / D ) ' ' 1 1 - 8 0 8 3 
( H 2 / 4 H i ) 0 . 2 1 4 0 
[ ( 4 D H 1 ) , / ' + ] F / [ ( 4 D H , ) 1 / 2 - F ] 
1 . 0 3 8 9 
h 2 / H i 2 0 . 7 1 3 1 
2 ( V i l i / W 0 L 0 I - i / 2 ) 3 . 2 3 2 4 
V , l i / W 0 L 0 1 2 . 1 1 6 2 
1 . 1 5 7 7 
0 . 1 9 8 4 
0 . 9 2 8 8 
1 7 . 2 3 0 0 
1 . 2 0 0 0 
1 . 1 0 0 0 
Her i t ab i l i t y [1
и
Ь/(</,В + VJH, _ y 4 p + Ê ) ] = 21% in 12-pa ren t and 3 5 % in 8-
parent p l a n t s 
highest dev ia t ions in (W r V r) , all t he t h r e e propor t ions indicated m o r e or 
less comple t e dominance . A non-s igni f icant difference be tween D a n d Н 4  
provided t h e same in fo rma t ion . 
The va lues for H. . /4IU obta ined in b o t h 12-parent a n d 8-parent ana lys i s , 
suggest a s y m m e t r y in t h e d is t r ibut ion of dominan t alleles a t all loci. T h e 
values of r a t io , [ ( W K f ' + F ] ) [ (ШН,) ' '* F ] equal t o 1.0389 and 0.9288 
suggest an equal propor t ion of dominan t a n d recessive genes condi t ioning t h e 
plant he igh t in the both cases. The non-s igni f icant F v a l u e s provide s imi la r 
in fo rmat ion . The rat io, h 2 / H 2 equal t o 20.7131 and 17.2300 suggests t h a t 
twen ty -one and eighteen d o m i n a n t fac tors were involved in condi t ioning p l a n t 
height , respect ive ly in 12-paren t and 8 - p a r e n t diallels. T h e her i tab i l i ty for 
p lan t he igh t was found t o be 21 and 3 5 % , respectively in 12-parent and 
8-paren t diallels . 
Single array analysis. T h e results of single array ana lys i s are g iven in 
Table 4. T h e degree of dominance as measu red by [Var. (h) / (Var . (d)]''* fo r each 
ar ray ind ica tes t h a t a r rays 1, 9 and 10 exh ib i t ed dominance , whereas all o t h e r 
Q* Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
3 7 2 M. A. R A H M A N and A. M. ETJNUS 
Table 4 
Result of single array analysis for plant height 
Measured f r o m the base t o the point of b i furca t ion due to f lowering 
C o m p o n e n t s of v a r i a t i o n 
and rat io 
А г г a y s 
l 2 3 4 5 6 
V a r . (d)  0.2163 0.2160 0.2175 0.2157 0.2159 0.2172 
±0.0590 ± 0 . 0 5 3 6 ± 0 . 0 7 0 7 ±0 .0474 ±0 .0440 ± 0 . 0 6 2 5 
C o v . (d, h)  - 0 . 3 8 2 9 0.1321 —0.0146 0.1091 — 0.0446 0.0569 
±0.1646 ±0 .1495 ± 0 . 1 9 7 4 ±0.1324 ±0 .1217 ± 0 . 1 7 4 3 
V a r . (h)  1.4501 0.4569 0.7185 0.2823 0.1700 0.5895 
±0.2941 ±0 .2672 ± 0 . 3 5 2 4 ±0 .2364 ±0 .2174 ± 0 . 3 1 1 4 
V a r . (ep)  0.0262 0.0265 0.0250 0.0268 0.0266 0.0253 
±0.1667 ±0 .1514 ± 0 . 1 9 7 3 ±0 .1340 ±0 .1232 ± 0 . 1 7 6 5 
V a r . (e„)  0.2303 0.1456 0.3111 0.1670 0.2270 0.1118 
±0.1831 ±0 .1663 ± 0 . 2 1 9 4 ±0 .1472 ±0 .1353 ± 0 . 1 9 3 9 
[Var . (h)/Var. (d)] ' '2 . . 2.5892 
± r ( h ) / ( d )  - 0 . 6 8 3 7 0.4205 — 0.0369 0.4422 — 0.2328 0.1590 
Components of v a r i a t i o n 
and ra t io 
А г r a y s 
7 8 1 10 i l 12 
V a r . (d)  0.2164 0.2152 0.2154 0.2159 0.2151 0.2152 
±0 .0532 ±0 .0514 ± 0 . 0 4 4 0 ±0 .0468 ±0 .0528 ± 0 . 0 4 5 8 
Cov . (d, h)  0.1061 0.0961 —0.1153 0.2293 - 0 . 0 0 4 9 0.0538 
±0 .1485 ±0 .1436 ± 0 . 0 7 1 4 ±0 .1305 ±0 .1472 ± 0 . 1 2 7 9 
V a r . (h)  0.4173 0.4270 1.0201 1.1037 0.3208 0.0995 
±0 .2654 ±0 .2595 ± 0 . 2 1 9 5 ±0 .2332 ±0 .2630 ± 0 . 2 2 8 5 
V a r . (ep)  0.0261 0.0273 0.0271 0.0266 0.0274 0.0273 
±0 .1504 ±0 .1454 ± 0 . 1 2 4 4 ±0 .1322 ±0 .1491 ± 0 . 1 2 9 5 
V a r . (e„)  0.2210 0.1380 0.2149 0.1562 0.3107 0.2132 
±0 .1652 ±0.1597 ± 0 . 1 3 6 7 ±0 .1452 ±0 .1638 ± 0 . 1 4 2 3 
[Var . (h)/Var. (d)]*'» . . 2.1761 2.2609 
± r ( h ) / ( d )  0.3530 0.3170 — 0.2459 - 0 . 4 7 0 6 —0.0186 0.3677 
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ar rays s h o w e d no d o m i n a n c e . Cov. (d , h ) values sugges t t h e p resence of an 
excess of d o m i n a n t genes in t h e a r r ay 1, whereas t h e r e c u r r e n t p a r e n t s of t he 
r e m a i n i n g a r r a y s possessed an equal p r o p o r t i o n of d o m i n a n t a n d recessive 
genes. 
L o w v a l u e s of co r re la t ion b e t w e e n V a r . (d) a n d V a r . (h) in al l a r r a y s 
ind ica ted v a r y i n g degrees of d o m i n a n c e . A high degree of d o m i n a n c e wi th 
co r respond ing low co r re l a t ion va lue b e t w e e n Var. (d) a n d Var . (h) in t h e a r r a y 
9 suggests t h a t t r ansgress ive segregat ion m a y be e x p e c t e d in the p rogen i e s of 
t h e a r r a y . 
Discussion 
Regress ion lines d r a w n in the (V r , W r ) graphs i n d i c a t e d an ave rage p a r t i a l 
d o m i n a n c e fo r earliness in 9 -pa ren t ana ly s i s , whereas o v e r d o m i n a n c e was 
suggested f o r p lan t h e i g h t in 8 -pa ren t analysis . ( H J / D ) * ' 2 , V I L I /W O L O I and 
2(VILI/W0 L 0 I — 11г) va lues , however , s u g g e s t e d t h e presence of c o m p l e t e 
d o m i n a n c e in bo th cases. T h e non- s ign i f i can t (D HX) va lues c o n f i r m e d th is 
in ference . T h e deviat ion of regression l ines f rom t h e p o i n t of origin w a s a 
spur ious o n e and a c c o u n t e d for by a s a m p l i n g error . T h e devia t ion of t h e 
regression l ine f r o m the u n i t slope and t h e convex a p p e a r a n c e of p a r a b o l a n e a r 
t h e po in t of origin suggest t h e presence of a c o m p l e m e n t a r y type of ep is tas i s 
( H A Y M A N 1 9 5 7 , H I L L 1 9 6 4 ) . T h e r emova l of a r rays showing s ignif icant ( W r 
V r) d e v i a t i o n s b rough t t h e regression l ine close to the l ine of uni t s lope , b u t 
could n o t poss ib ly remove all non-allelic in te rac t ions . L a r g e s t an d a rd e r r o r of 
regression coeff ic ient gives such ind ica t ion . E U N U S ( 1 9 6 9 ) h a s noted p r e p o n d e r -
ance of c o m p l e m e n t a r y t y p e of epistasis in t h e inhe r i t ance of earliness of j u t e . 
E x a m i n a t i o n of t h e s t anda rd i zed dev ia t ion g r a p h s indicates t h a t , f o r 
earl iness, all a r r ays showing dominance possessed an excess of pos i t ive genes 
and f lowered l a te r , whereas a r r a y s showing recessiveness possessed an excess of 
nega t ive genes and f lowered earlier. E x c e p t i o n was m e t w i th in t h e a r r a y 9, 
which f l o w e r e d late , t h o u g h it indica ted possess ion of excess of recessive genes 
in 9 -pa ren t analys is . W i t h r e spec t to t he p l a n t height , d o m i n a n c e in some a r r a y s 
was due to pos i t ive genes a n d in some o t h e r a r r a y s it was d u e t o nega t ive genes . 
Hence s o m e of t he a r rays showing d o m i n a n c e produced t a l l p lan ts , w h e r e a s 
some o t h e r a r r a y s p roduced shor t p l an t s . F o r a similar r ea son , some of t h e 
a r rays e x h i b i t i n g recessiveness p roduced s h o r t p lan ts , whereas some o t h e r 
a r rays p r o d u c e d tal ler p l a n t s . 
h 2 / H 2 v a l u e indica ted t h a t f ive d o m i n a n t effect ive f a c t o r s were i n v o l v e d 
in cond i t ion ing earliness. E U N U S ( 1 9 6 9 ) n o t e d t h a t six d o m i n a n t f a c to r s were 
involved, whi le J O A R D E R E U N U S - R A H M A N ( 1 9 6 9 ) d e t e c t e d only one d o m i -
n a n t f ac to r . G H O S H S H A R M A ( 1 9 6 5 ) r e p o r t e d t h a t t he f l ower ing d a t e in C. 
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capsularis was condi t ioned b y t h r e e pairs of genes . P lan t he igh t , on the o t h e r 
h a n d , was f o u n d t o he affected b y twenty-one a n d eighteen d o m i n a n t effect ive 
f a c t o r s , respect ively in 12-parent and 8 -pa ren t analysis. J O A R D E R E U N U S 
R A H M A N (1969) were table to d e t e c t eleven d o m i n a n t effect ive fac tors a f fec t ing 
p l a n t height in j u t e . As the p r e s e n t invest igat ion includes m o r e varieties, m o r e 
g e n e differences affect ing p l a n t height m a y b e involved. 
Some t ransgress ive segregat ion (plus a n d minus) is expec t ed in any a r r a y 
t h a t shows overdominance a n d low correlation between Yar . (d) and Var. (h) in 
t h e single a r r ay analysis. On t h e s e grounds, t ransgressive segregat ion m a y b e 
expec ted for p l a n t height in t h e a r ray 9 wi th W i l d ju te as t h e recurrent p a r e n t , 
whereas it is expec t ed for ear l iness in the a r r a y s 2, 3, 6 a n d 8 where C.G., 
0 — 7 5 3 , Chinese olitorius a n d R - 2 6 are respect ive ly r ecur ren t parents . J O A R -
D E R — E U N U S R A H M A N ( 1 9 6 9 ) repor t t h a t t ransgress ive segregation is ex-
pec ted in the a r r a y s where R - 2 6 and Chinese olitorius were recur ren t p a r e n t s . 
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VARIA 
" M A G Y A R K I N C S " M U S K - M E L O N 
Taxonomical place: Cucumis melo L. ssp. melo MSF. 
Origin: p roduced f r o m the local v a r i e t y " J á s z k i n c s " b y individual se lec t ion (TUZA 1968). 
Beginning of breeding: 1948. 
State qualification : s t a t e registered i m p r o v e d var ie ty , 1964; first a c c e p t e d 1956. 
Breeder: An ta l Ács dr . , Debrecen-Kismacs . 
General characterization: the best q u a l i t y early green f l eshed musk-melon va r ie ty with h i g h 
p roduc t iv i t y . 
Morphological description: 
Root system : widely spreading, dense ; after t r a n s p l a n t i n g the v a r i e t y t a k e s root r ead i ly . 
Shoot system: branching, r e c u m b e n t , modera te ly developed. 
Stem: re la t ive ly th in , m o d e r a t e l y developed. 
Foliage: leaf b lade of med ium size and yellowish green colour. 
Flowers: corolla lemon coloured . 
Fruit: spherical (non-costa te) , w i t h finely t a n n e d surface, a n d a n average w e i g h t 
of 1 kg when ripe; colour d a r k green when u n r i p e and yel lowish green when r i p e 
(it is t h e n t h a t the t a n c o a t i n g appears). I t s f lesh is green a n d melting, l i gh t e r 
greenish round the cent re . T h e central c a v i t y is scantily f i l led w i t h the p l a c e n t a 
and seeds. The flesh is t h i c k , sweet , of ve ry good taste. The r i n d is thin ( therefore 
does no t to le ra te t r anspo r t i ng ) . 
Seed: ivory , oblong elliptic s h a p e d ; thousand-gra in-weight 26 g. 
Biological character: 
Germination: cardinal points of ge rmina t ion : m i n i m u m 12° C, o p t i m u m 25° C, m a x i -
m u m 40° C. Germina t ion is m o r e favourab le in t he dark. 
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Vegetation period: 93 — 113 d a y s from g e r m i n a t i o n to first p i c k i n g (sometimes as m a n y 
as 120 days) (KOMJATI 1964, TUZA 1968); male f lowering t a k e s place in m i d - J u n e , 
f e m a l e flowering t o w a r d t he end of J u n e . Growth ra te m e d i u m . Ripens v e r y ear ly . 
Water requirement: m e d i u m . 
Resistance to disease: f a i r l y good: never the less in cold and r a i n y weather pe ronospora 
a n d anthracnose o c c u r . 
Farm technology requirement : 
Seeding: i n t o hot-beds in t h e f i r s t half of Apr i l , t r a n s p l a n t a t i o n in the first half of May. 
Soil requirement: gives h i g h yields in fe r t i l e soil, otherwise is n o t part icular a b o u t soil. 
Productivity: 150 — 180 q / h a . of which a b o u t 76 percent is fau l t less ; the d r y m a t t e r 
c o n t e n t of the f l esh is 9 —11 percen t ; p roduct iv i ty gene ra l l y good (KAPÁS et al. 
1 9 6 5 ) . 
Region of cultivation: i t c a n be grown in t h e whole t e r r i t o ry of Hungary , m o s t l y for 
househo ld c o n s u m p t i o n and local m a r k e t s . 
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P L A N T BIOMASS P R O D U C T I O N O F M A I Z E 
G R O W N ON A F O R E S T - S T E P P E A R E A 
P l a n t biomass- and p r i m a r y product ion s t ud i e s carried o u t i n a model area a t U j szen t -
margita ( t h e n o r t h e r n border of Hor tobágy) w i t h i n the f r a m e w o r k of the I n t e r n a t i o n a l Bio-
logical P r o g r a m ( IBP) cover n o t only na tu ra l a n d semi-natura l p l a n t stands b u t a lso those 
planted in s u c h env i ronment . T h u s following examina t ions w e r e performed in 1967 in a 
wheat s t a n d a n d during 1969 assessing and e v a l u a t i o n for s imi la r purposes and w i t h similar 
methods w e r e made in ma ize s t ands . 
We do n o t give a g e n e r a l charac te r i za t ion of arables e s t a b l i s h e d on former woodlands , 
only refer t o t h e related d e s c r i p t i o n by MÁTHÉ — PRÉCSÉNYI (1968) . 
The m a i z e was sown o n t h e 28th April 1969 ( "Zö ldmező" Cooperat ive F a r m , Ujszent -
margita) . I n t h e previous y e a r whea t had b e e n sown into t he p a r c e l with a c a b b a g e second 
crop a f te r t h e harvest . Since 1963 the parcel h a d no t been fe r t i l i zed . Thespac ing of t h e maize 
variety " S z e g e d i 71" sown w a s 6 0 x 3 0 cm. G e r m i n a t i o n was u n e v e n , development poor , and 
here and t h e r e t he stand w a s t h i n . The ave rage yield harvested f r o m the parcel w a s 15 q/cad. 
yoke shelled M a y maize. 
Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
V A R I A 3 7 9 
Samples were t aken of p l a n t s sown (maize) as shown in Table 2 ; 10 p lan ts per m o n t h 
were uproo ted . T h e height and d r y we igh t of each p l a n t were measured . ( D r y weight w a s de-
t e rmined in every case af ter d r y i n g t h e p lant a t 105° C.) The u n d e r g r o u n d plant p a r t s w e r e 
washed ou t of a soil monol i th of 1 d m 3 size (w i thou t separat ing t h e m i n t o living a n d d e a d 
par t s ) . I n f o r m a t i o n on the weed condi t ions was g iven b y the dry w e i g h t of a plant b i o m a s s 
Table 1 
Dry weight of aboveground parts of a weed biomass, and the number of weed seeds 
Time of sample t ak ing 
A b o v e g r o u n d par ts* U n d e r g r o u n d parts* N u m b e r oi weed seeds** 
g/400 c m 2 g / l m 2 g /400 c m 2 g / l m 2 p e r 1 d m 3 per 1 m 2 
April 19. 1969 1.2 30.0 10.5 262.5 239 23.900 
J u n e 20, 1969 1.7 42.5 5.7 142.5 241 24.100 
Sept . 26, 1969 2.0 51.0 6.4 160.0 256 25.600 
* Average of 8 samples 
** Average of 4 samples 
Table 2 
Increase of average height and weight in maize 
Û j s z e n t m a r g i t a , 1969 
Time 
H e g h t ( c m ) D r y w e i g h t (g) 
m e a n l imit va lues 
Aboveground Underground* 
mean l i m i t values m e a n limit va lues 
May 20, 1969 25 (18 - 3 0 ) 0.3 0 .06 
J u n e 20, 1969 66 (33 - 9 5 ) 5.2 (0.5 - 1 3 . 6 ) 1.2 (0 .1— 2.7) 
J u l y 16, 1969 112 (53 - 1 8 7 ) 47.9 (2.3-- 1 4 5 . 0 ) 13.4 (0 .4—45.0) 
A u g u s t 21, 1969 162 (106 - 2 4 1 ) 192.0 (40.0 - 5 1 0 . 0 ) 19.3 (2 .0—40.0) 
Sept . 26, 1969 164 (120 - 2 4 0 ) 315.0 (100.0 - 5 7 0 . 0 ) 20.3 (10.0—40.0) 
Oc t . 22, 1969 155 (120 - 1 8 0 ) 290.0 (140.0 - 4 7 0 . 0 ) 25.3 (16.0—30.0) 
* Only p a r t of the roots, f r o m a dep th of 10—15 em (dug out a sp i t deep) 
** Averages of only 3 samples 
collected on a soil surface of 400 cm2 . Weed seed cond i t i ons of the soil w e r e disclosed b y t h e 
n u m b e r of weed seeds washed ou t of monol i ths t aken f r o m a depth of 10 c m . 
The maize parce l examined genera l ly showed s igns of extensive c u l t i v a t i o n concern ing 
b o t h sowing and cu l tu ra l pract ices. D a t a on weeds col lected on th ree occasions are s h o w n 
in Tab le 1. As i t c a n be seen, t he aboveg round p h y t o m a s s had grown s t e a d i l y unti l a u t u m n . 
The large vo lume of biomass of u n d e r g r o u n d p lan t p a r t s found in A p r i l c a n he exp la ined 
b y t h e f ac t t h a t in t h e a u t u m n a f t e r t h e wheat , feed c a b b a g e had been g r o w n in this pa rce l , 
a n d a t the t ime of assessing in Apr i l t h e root residues were still in t h e soil ; ploughing a n d 
sowing of t he maize took place only l a t e r . 
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The n u m b e r of weed seeds p e r uni t area as seen also in Table 1, does not make a n y essen-
t i a l dist inction between spr ing, s u m m e r and a u t u m n condit ions poss ible . The r e a s o n why 
t h e r h y t h m of t h e weed seed r e s e r v e s was d i f f e ren t t h a n in the s a m e parce l sown w i t h w h e a t 
is t h a t hoeing in t he maize p a r c e l a t tha t d e p t h modif ies and t o s o m e extent equal izes the 
dis t r ibut ion of seed reserves. 
Table 3 
Data of 10 maize plants selected at random 
U j s z e n t m a r g i t a , S e p t e m b e r 26, 1969 
Height 
cm 
Whole 
above-
ground 
d r y 
Plant 
under-
ground 
weight 
« 
S t a l k 
we igh t 
g 
Weight 
of leaves 
g 
Weigh t 
of ea r s 
g 
Ear 
length 
cm 
Cob 
weight 
g 
SheU 
we igh t 
g 
Row of 
grains 
Grain 
n u m b e r 
Grain 
weight 
g 
1 190 545.0 40.0 95 .0 60.0 390.0 21 50.0 40.0 22 1110 300.0 
2 201 530.0 30.0 100.0 70.0 360.0 21 40.0 50.0 18 841 270.0 
3 180 535.0 24.0 100.0 65.0 370.0 18 50.0 35.0 16 730 285.0 
4 240 670.0 40.0 210.0 100.0 360.0 23 60.0 60.0 18 780 240.0 
5 150 220.0 15.0 35.0 25.0 160.0 17 30.0 20.0 12 431 110.0 
6 152 140.0 10.0 20.0 20.0 100.0 16 30.0 30.0 12 203 40.0 
7 130 135.0 12.0 40.0 25.0 70.0 9 20.0 25.0 12 71 25.0 
8 145 165.0 10.0 25.0 25.0 115.0 15 25.0 20.0 12 366 70.0 
9 120 120.0 10.0 40 .0 20.0 60.0 10 20.0 30.0 8 27 10.0 
10 135 135.0 12.0 25.0 15.0 95.0 14 30.0 30.0 11 133 35.0 
VIean 164 319.5 20.3 69.0 42.5 208.0 16 35.0 34.0 14 469 138.5 
I t was w i t h individual p l a n t s represent ing t he average s t a n d per uni t a rea a n d not 
wi th a p l a n t b iomass ha rve s t ed f r o m the un i t a r e a tha t m e a s u r e m e n t s were m a d e . 
Table 2 shows the u n e v e n growth of t h e s t and well w i t h considerable f l u c t u a t i o n s 
in the he ight a n d weight va lues . 
Table 3 i l lustrates t he h i g h f luc tua t ion of t h e values also o b s e r v e d in re la t ion w i t h the 
individual p l an t parts . 
The r e su l t s of the i n d i v i d u a l weighings w e r e related to m2 , so f u r t h e r da ta c a n be com-
pared with t h o s e in the l i t e r a t u r e . OVINGTON —HEITKAMP — LAWRENCE (1963) and MEDINA — 
LIETH (1964) performed p r o d u c t i o n studies oil maize. OVINGTON —IIEITKAMP —LAWRENCE 
carried ou t invest igat ions in 1959 in Central Minneso ta (C-M) w i t h t he variety K i n g s Cross 
Hybr id K-5-3 . Sowing took p l a c e on the 19th of M a y at a spacing of 20 X 90 cm. T h e au thor s 
present the i r resul t s on the b a s i s of measu remen t s performed on 20 plants . MEDINA LIETH 
sowed the v a r i e t y " In ra 2 5 8 " i n S tu t tga r t — H o h e n h e i m ( S — H ; t h e abbreviat ion of Ujszen t -
margi ta is: U M ) on the 20 th Apr i l , 1963 at a spac ing of 75 X 20 c m . Samples were t a k e n per 
uni t area a n d Atrazin used as herbicide. Of t h e t h r e e different m a i z e s tands the d a t a of C.-M 
can hardly be used, as it was s o w n a month l a t e r t h a n the two E u r o p e a n maize s t a n d s . Yields 
in UM and t h o s e in S-H were n e a r l y identical (Tab l e 4). No f u r t h e r conclusions can , however , 
be drawn f r o m this , since i t w a s on ly a single occas ion , and migh t b e a coincidence. WESTLAKE 
(1963) m e n t i o n e d 2.5 — 3.6 k g / m 2 d r y weight as t h e m a x i m u m b i o m a s s of maize. T h e f i r s t one 
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of these d a t a o r ig ina ted f r o m Minneso ta , w h e r e Ov ing ton a n d h i s co-workers w o r k e d and 
found on ly 0 .8 k g / m 2 m a x i m u m w e i g h t . H o w e v e r , in con t r a s t w i t h t h e t w o m e n t i o n e d m a x i m a , 
i t was n o t i n a p l a n t growing e x p e r i m e n t t h a t OVINGTON and his c o - w o r k e r s p e r f o r m e d the i r 
m e a s u r e m e n t s . R e s u l t s o b t a i n e d in UM a n d S - H a re also v e r y n e a r to WESTLAKE'S d a t a . 
T a b l e 4 
Dry weight of maize (g/m-) 
U j szentmargi ta S t u t t g a r t - H o h e n h e i m Central Minnesota 
Time 
sample 
of 
taking 
Above-
ground 
Under-
ground 
Time of 
sample taking 
Above-
ground 
Under-
ground 
T ime of 
sample taking 
Above-
ground 
Under-
ground 
parts parts p a r t s 
<0 <•> b) b) 
M a y 20 2.4 0.5 M a y 14 0.2 — — 
J u n e 20 41.6 9.6 J u n e 26 71.6 13.9 J u n e 12 1.8 0.8 
J u l y 16 383.2 107.2 J u l y 19 782.6 52.6 J u l y 14 188.1 90.2 
August 21 1536.0 154.4 A u g u s t 14 1220.2 91.0 A u g u s t 20 586.3 62.8 
Sept . 26 2520.0 162.4 S e p t . 27 2100.7 94.8 S e p t . 10 843.7 58.9 
Table 5 
Productivity of maize 
g / m 2 / d a y 
Period b e t w e e n dates of 
sample tak ing 
a) 
May —June  
J u n e - J u l y  
J u l y — A u g u s t  
Augus t — S e p t e m b e r  
Vege ta t ive season average : 
b) 
M a y — J u n e  
J u n e — J u l y  
J u l y — A u g u s t  
A u g u s t — S e p t e m b e r  
Vege ta t ive season ave rage : 
Ujszentmargita 
1,264 
13,136 
31,152 
27,328 
19,534 
1,558 
16,892 
33,333 
27,555 
20,771 
Stut tgar t -Hohenheim 
1,660 
30,913 
16,880 
22,284 
15,444 
1,983 
32,566 
18,307 
20,098 
16,141 
Central Minneso ta 
5,790 
10,756 
12,257 
9,354 
8,615 
10,021 
12,071 
10,000 
a) a b o v e g r o u n d pa r t s ; b) u n d e r g r o u n d p a r t s 
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UM and S - H (Table 5) are d i f f e r en t in p r o d u c t i v i t y . As to t he aboveground p a r t s in 
J u n e and Ju ly p r o d u c t i v i t y in S - H was more t han t w i c e as much as t h a t a t UM. I n J u l y -
A u g u s t it was t h e o t h e r way r o u n d , while in A u g u s t - S e p t e m b e r p r o d u c t i v i t y was near ly t h e 
s a m e in the two s t a n d s . This pecu l i a r i t y can also be o b s e r v e d when t a k i n g underground p a r t s 
Table 6 
Relative growth rate of aboveground parts in maize 
Period b e t w e e n d a t e s of 
sample t a k i n g 
Üjszentmargita S tu t tgar t -Hohenhe im Central Minnesota 
May—June  0.0919 0.1367 _ 
June—Ju ly  0.0854 0.1038 0.1452 
July—August  0.0445 0.0168 0.0310 
Augus t—September  0.0119 0.0123 0.0170 
Table 7 
Cumulative percentage values of aboveground parts in maize 
Time of s a m p l e taking Ü j szen tmarg i t a S tu t tga r t -Hohenhe im Cent ra ] Minnesota 
Mav  0 . 0 0 . 0 — 
June  0 . 9 1 . 7 0 . 1 
July  9 . 4 2 0 . 4 1 1 . 7 
August  4 3 . 5 4 9 . 6 4 7 . 8 
September . . . . 9 9 . 7 9 9 . 9 9 9 . 8 
in to cons idera t ion . On the a v e r a g e of the vege ta t ive per iod p r o d u c t i v i t y was close to t h e l i m i t 
value of 18 — 42 g/m2 /day p r e s e n t e d in the l i t e r a t u r e (WESTLAKE 1963). ODUM (1959) a n d 
LIETH (1962) g a v e lower va lues t h a n WESTLAKE (1963). ODUM g a v e 2.3 g/m2/day as w o r l d 
average of t h e g r o w t h period, a n d 4.4 g/m2/day as m a x i m u m . LIETH suggested higher v a l u e s , 
a product iv i ty of about 5.8 — 10.8 g/m2/day. 
Re la t ive g rowth ra te ( R G R ) was calculated o n l y for the a b o v e g r o u n d par ts (Tab l e 6). 
Retween M a y a n d J u l y maize s o w n in S-H showed a somewhat h ighe r growth r a t e t h a n t h a t 
sown at UM. I n J u l y - A u g u s t , however , maize sown i n S -H fell to a b o u t one-tenth of t h e v a l u e 
of the p rev ious m o n t h s , while t h a t sown at UM h a r d l y to the half. I n A u g u s t - S e p t e m b e r R G R 
in the two s t a n d s was near ly t h e same. Fall of t h e S - H stand in J u l y - A u g u s t can h a r d l y be 
explained w i t h t h e meteorological conditions (see MEDINA —LIETH 1964). 
E x a m i n a t i o n of the c u m u l a t i v e values of aboveground p a r t s shows tha t b y A u g u s t 
all the th ree s t a n d s suddenly a t t a i n 45 — 50 p e r c e n t of the to ta l d r y weight , then d u r i n g t h e 
next mon th r e d o u b l e their w e i g h t s (Table 7). T h i s g rea t increase of weight during t h e las t 
month is d u e t o t he increased we igh t of the cobs . 
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Eff ic iency ca lcu la t ions of UM d a t a were made as fol lows: we appl ied mul t ip l iers of 
4.0 Kca l / g in M a y - J u n e - J u l y , 4.3 Kcal /g in J u l y - A u g u s t , 4.5 Kcal /g in A u g u s t - S e p t e m b e r and 
3.8 K c a l / g in the case of roots . Average cal . values of a b o v e g r o u n d maize p a r t s or iginat ing 
f r o m Ûj szen tmarg i t a : 
collected on t he 20th J u n e 
16th J u l y 
21st A u g u s t 
26th S e p t e m b e r 
4.02 Kca) 
4.30 
3.99 „ (foliage) 
3.75 „ (foliage) 
Tab le 8 
Efficiency of maize at Ujszentmargita (%) 
Period be tween dates of 
sample taking Aboveground parts 
Aboveground par ts 
and roots 
May—June  
J u n e — J u l y  
J u l y - A u g u s t  
Augus t—September . . . 
0 . 1 3 
1.11 
3 . 8 3 
3 . 9 2 
0.16 
1.41 
3 . 9 7 
3 . 9 5 
Mean 2 . 2 5 2 . 3 7 
D a t a of global r a d i a t i o n measured on t he field were ob ta ined f rom Prof . I). Berényi. 
R e s u l t s a r e given in T a b l e 8. The eff ic iency percentage increases in J u n e - J u l y to near ly ten 
t imes i t s va lue of M a y - J u n e ; in J u l y - A u g u s t i t is only th ree t imes as m u c h as t h e previous 
va lue a n d remains on t h i s level during A u g u s t - S e p t e m b e r . F r o m the S-H e x p e r i m e n t , on the 
basis of t h e global r ad i a t ion LIETH (1968) de t e rmined an ef f ic iency of 1.2 —1.3 pe rcen t for the 
g r o w t h season. According t o OVINGTON — LAWRENCE (1967) in C-M maize and weed together 
a t t a i n e d a n efficiency of 2.1 percent . BLACKMAN (1968) genera l ly ment ions 2.9 percen t effi-
c iency f o r maize. On t h e ave rage the UM d a t a are close to t he va lues presented t h o u g h in the 
i nd iv idua l periods there a r e considerable dev i a t i ons from the averages . 
Acknowledgement 
W e a re indebted t o Prof . D. B e r é n y i for placing t he r ad ia t ion da ta a t our disposal, 
and t o t h e workers of t he I n s t i t u t e for the i r va luable help. 
P r e p a r e d at the R e s e a r c h Ins t i tu te for B o t a n y of the H u n g a r i a n A c a d e m y of Sciences, 
V á c r á t ó t 
I . M Á T H É , I . P R É C S É N Y I 
10* Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
3 8 4 VARIA 
R E F E R E N C E S 
BLACKMAN, G. E. (1968): The appl ica t ion of the concepts of g r o w t h analysis to t h e assessment 
of p roduc t iv i ty . U N E S C O Copenhagen Symp. , 243—259. 
FIETH, H. (1962): Die S t o f f p r o d u k t i o n der Pf lanzendecke . Fischer , S t u t t g a r t . 
FIETH, H . (1968): T h e measu remen t of calorific values of biological ma te r i a l a n d the deter-
mination of ecological e f f ic iency. U N E S C O Copenhagen Symp. , 233 - 2 4 2 . 
MÁTHÉ, I, — PRÉCSÉNYI, I . (1968): A d a t o k egy búza táb la f i t omassza p r o d u k c i ó j á h o z (Biomass 
production of a w h e a t parcel) . A g r á r t u d . Közi., 27, 253 264. 
MEDINA, E-.— LIETH. H . (1964): Die Beziehungen zwischen Chlorophyl lgehal t , assimilierender 
Fläche und T r o c k e n s u b s t a n z p r o d u k t i o n in einigen P f l anzengeme inscha f t en . Beitr. 
Biol. Pf lanzen . . 40, 4 5 1 - 494. 
ODUM, E. P. (1959): F u n d a m e n t a l s of ecology. Saunders , Ph i lade lph ia . 
O v i N G T O N , J . D . — H E I T K A M P , D . — L A W R E N C E , D . B . ( 1 9 6 3 ) : P l a n t b i o m a s s a n d p r o d u c t i v i t y 
of prairie, s a v a n n a , oakwood, and maize field ecosys tems in Central Minneso ta , Ecology, 
4 4 , 5 2 - 6 3 . 
OVINGTON, J . D. LAWRENCE, D. B. (1967): Compara t ive chlorophyll and energy studies 
of prairie, s a v a n n a , oakwood, a n d maize field ecosys tems. Ecology, 48, 515—524. 
WESTLAKE, D. F. (1963): Comparisons of p lan t p roduc t iv i t y . Biol. Rev. , 38, 385—425. 
T H E E F F E C T O F CYTOSTATIC D - M A N N I T O L D E R I V A T I V E S O N 
G E R M I N A T I O N AND I N I T I A L D E V E L O P M E N T I N B R O A D - B E A N 
(VICIA FABA) 
Interest is increasingly focussed on the biological effect of c o m p o u n d s wi th similar 
s t r u c t u r e s . I t is k n o w n t h a t one of t h e cy tos ta t ic c o m p o u n d s : colchicin is ut i l ized not only 
in t h e r a p y but also in p lan t breeding , because of its polyploidiz ing effect . 
Hungar ian resea rchers (PÉTERFI et al. 1959, 1965) p e r f o r m e d a pioneer work in s tudying 
t h e phytobiological e f f ec t iv i ty of c y t o s t a t i c compounds w i t h d i f fe ren t s t ruc tu re s (e.g. Merapid, 
Degrano l ) . According t o the inves t iga t ions the cy tos ta t i c c o m p o u n d s p r imar i ly cause growth 
i nh ib i t i ons in the shoo t s and roots of p l an t s . This inh ib i t ing effect can he charac ter ized wi th 
d e c r e a s e d r e s p i r a t i o n o r r e d u c e d c a t a l a s e a c t i v i t y ( B A L O G H — F R E N Y Ó 1 9 6 7 ) . M A R Ó T I ( 1 9 6 7 ) 
fo l lowed the in terna l changes by m e a s u r i n g the quan t i t i e s of pro te in n i t rogen a n d nucleic acid 
in cal lus tissues of t obacco . 
The Hunga r i an pharmacologica l researchers have a t t a i n e d in te rna t iona l ly outs tanding 
r e s u l t s with the sugar alcohol de r iva t ives — first of all w i t h D-mann i to l der iva t ives — ou t 
of t h e most effect ive cy tos ta t i c molecules . These c o m p o u n d s are the fol lowing: 1,6-bis (2-
ch lo ro -e thy l -amino) - l ,6 -d idesoxy-D-manni to I -d ich lo rohydra te (Degranol) ; l ,6 -d ibromo- l ,6 -
d idesoxy-D-mann i to l (Myelohromol or in short : d ib romomann i to l ) ; 1 .2 ,5 ,6- te t ra-methane-
su lphony-D-mann i to l (Zitostop). 
PÁLYI (1967) s tudied t he cy tomorphologica l e f fec t s of these c y t o s t a t i c compounds 
i n H e L a cultures, a n d found in add i t i on to a reduced mitosis — considerable polyploid 
mi to s i s and the f o r m a t i o n of a h igh a m o u n t of mul t i -nuc lea ted giant cells. HÍDVÉGI et al. 
(1967) pointed out — on t he basis of measurement s m a d e w i t h C14 labelled pu r in base- and 
a m i n o acid precursors incorpora ted considerably decreased DNA-, R N A - and prote in 
s y n t h e s i s in rabbi t m a r r o w t r ea ted w i t h d ib romomanni to l . 
LAPIS — BENEDECZKY (1966) supposed general lesions occurring in the membrane 
s y s t e m of t umour cells t rea ted wi th d ib romomann i to l as a resu l t of changes in permeabi l i ty 
a n d t he lysosomatic enzymes re leased. F r o m studies on ac t ion mechanism HORVÁTH — INSTI-
TORIS (1967) drew t h e conclusion t h a t in addi t ion to i ts alkal izing effect t he d ib romomanni to l 
molecule exercised a polarizing e f fec t , too, th rough adso rp t i on on the l ipopro te in membranes , 
nucleoprote ids or enzymes . Thus , b y changing the e lectron sys tem of macromolecules i t can 
c a u s e wrong coupl ing of bases in t he nucleic acid synthes is . 
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T h e general biological e f fec t of these c o m p o u n d s necess i ta tes a be t t e r k n o w l e d g e of 
their phyto-biochein ica l , cytological . tissue d i f fe ren t i a t iona l a n d physiological charac te r i s t i cs . 
This p a p e r p resen t s several s imple observa t ions . I n our inves t iga t ions the effect of two D-
mann i to l de r iva t ives (Degrano l and Myelobromol) on germinat ion in b road-bean (Vicia faba 
L. cv. " P i c a r d i e " ) was s tud i ed , and the g r o w t h inhibi t ing effect of d i b r o m o m a n n i t o l (Myelo-
bromol) d u r i n g t he init ial deve lopmen t of b r o a d - b e a n followed, w i t h c o m p l e m e n t a r y histo-
logical s t u d i e s performed. T h e inves t iga t ions were aimed at f i n d i n g ou t whe the r t h e r e was 
any d i f f e r ence in effect be tween compounds w i t h similar s t ruc tures , a n d where a n d w i t h what 
in tens i ty t h i s t y p e of c o m p o u n d s acted in t h e ea r ly ontogenesis. 
To coun te rba lance t h e e f fec ts of the c y t o s t a t i c compounds a n u m b e r of n a t u r a l g rowth 
regulators [gibberellic acid (GA 3) , /?-indolyl-acetic acid (IAA)] a n d syn the t ic ones (benzimid-
azole a n d 6-methy l -uracy l ) were also tes ted . 
T h e germina t ion e x p e r i m e n t s were ca r r i ed ou t with 3 x 1 0 0 seeds into glazed ea r then-
ware p o t s f i l led with pure sand a n d kept a t a t e m p e r a t u r e of 25° C. 0.1, 0.2 and 0.4 p e r c e n t t ap 
water so lu t ions were made of Degranol and Myelobromol [both p laced a t our d isposa l b y the 
Egyesül t Gyógyszer- és T á p s z e r g y á r O r v o s t u d o m á n y i Főosz tá lya (Medical D e p a r t m e n t of 
Tab le 1 
Effects of Degranol and Myelobromol (Dibromomannitol) on the germination of broad-bean seeds 
Concentration 
of solutions 
Germinat ion percentage on the 
Dura t i on of soaking 
and irrigation 9 t h U t h 16th 
/0 day of germination 
Tap w a t e r con t ro l 64 86 96 
0.1 permanent 
24 hrs 
52 
60 
86 
86 
94 
94 
Degranol 0.2 permanent 
6 hrs 
48 
64 
76 
78 
88 
94 
0.4 permanent 
3 hrs 
40 
48 
56 
80 
84 
94 
0.1 pe rmanen t 
24 hrs 
30 
63 
48 
84 
90 
95 
Myelobromol 
(d ib romomanni to l ) 
0.2 permanent 
6 hrs 
26 
50 
48 
80 
84 
82 
0.4 permanent 
3 hrs 
30 
56 
40 
80 
72 
90 
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t h e United P h a r m a c e u t i c a l and N u t r i m e n t Works)], a n d t he seeds were t r ea t ed by soak ing 
t h e soil with the r e spec t ive solutions pe rmanen t ly and for def in i te per iods (3, 6 and 24 h o u r s 
d e p e n d i n g on the concen t ra t ion ) respec t ive ly . 
Cross sect ions were made of t h e middle par t of t h e main roots of t h r ee days old f i v e 
c m long seedlings ge rmina t ed f r o m seeds treated ( i r r iga ted) p e r m a n e n t l y with 0.2 pe rcen t 
d ib romomanni to l so lu t ion , in c o m p a r i s o n with control p l a n t s raised u n d e r similar condit ions 
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Fig. 1. E f f e c t of Degranol a n d Myelobromol (d ibromomanni to l ) t r e a t m e n t s on t h e ini t ial 
deve lopment of broad beans. 1. control , 2. 0 .2% Degranol , 3. 0 .2% d ib romomanni to l , 4. 0 .4% 
D e g r a n o l , 5. 0 .4% d ibromomanni to l 
Fig. 2. E f f e c t of d ib romomann i to l t r e a tmen t on the mer i s temat ic act ivi ty of b r o a d - b e a n 
roots. Cross sect ion of the m a i n r o o t of a 3 weeks old p lan t t rea ted w i t h 0 .2% d ib romomann i to l 
solution, a = central cyl inder : 10 x ocular; 4 : 1 proj . ; b = p a r t of the central cyl inder : 
25 X ocular; 4 : 1 p r o j . (pk = p e r i k a m b i u m ; h = p h l o e m ; f = xylem) 
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Cross sections were m a d e also of s imi la r ly t rea ted 3 week old plants which h a d stopped growing 
a n d had no t f o r m e d lateral roots . 
The g e r m i n a t i o n of the b r o a d - b e a n seeds is h igh ly react ive to t r e a t m e n t s with Degrano l 
a n d d i b r o m o m a n n i t o l (Myelobromol) solutions, w i t h a react ion i n t e n s i t y dependent on t h e 
du ra t ion of s o a k i n g and concen t r a t ion of compounds used (table). T h e e f f e c t of the d ib romo-
mann i to l is m o r e in tens ive t han t h a t of t he Degranol , as the former i n h i b i t s germinat ion t o a 
g rea te r ex t en t , especially when u s e d for con t inuous i r r igat ion ( soak ing) in concen t ra t ions 
of 0.2 and 0.4 p e r cen t . This can b e measured wi th t h e r a t e of g e r m i n a t i o n too, and p r o v e d 
also by the f a c t t h a t seedlings s top growing, in c o n f o r m i t y with the k n o w l e d g e acquired so f a r 
concerning t h e g r o w t h inhibit ing e f f e c t of cy tos ta t i c compounds . 
I t is i n t e r e s t i n g tha t g e r m i n a t i o n is not cons iderab ly decreased e i ther by Degrano l 
or by d i b r o m o m a n n i t o l , while b o t h compounds i n h i b i t the initial d e v e l o p m e n t of y o u n g 
seedlings. The sens i t iv i ty of seeds is d i f f e ren t in spi te of t h e homogenous seed stock and s t a n d -
a r d condit ions, w h i c h can be seen f r o m the fac t t h a t m o s t germinated seedl ings show more or 
less deve lopment , f o r m lateral roo t s , t h o u g h their g r o w t h is never c o m p a r a b l e with the r a p i d 
a n d uniform g r o w t h of the con t ro l p l an t s . The m o s t effect ive inhibi t ion can be observed in 
p l a n t s t r ea ted w i t h d ib romomann i to l (Fig. 1). Besides growth inh ib i t i on leaf spots as well 
as withering of shoo t - and leaf a p e x a r e very of ten f o u n d too. 
We t r i ed t o counte rba lance t h e manifold a n d in tens ive inh ib i t ing effect by a p p l y i n g 
several r egu la to r s affect ing t issue d i f fe ren t i a t ion (GA 3 , IAA, benzimidazole , 6 -methyl -uracy l ) 
i n various t r e a t m e n t s (spraying, s o a k i n g seeds before a n d a f t e r ge rmina t ion) a n d concen t ra t ions 
(30, 50 and 100 p p m ) , bu t in t he p r e s e n t exper imen t s t h e otherwise e f f e c t i v e molecules cou ld 
n o t relieve or e l im ina t e the cy to s t a t i c , general mi tos is inhibi t ing effect of t h e two D - m a n n i t o l 
der ivat ives . 
According t o our inves t iga t ions mitosis inh ib i t ion in the a c t i v i t y of t he mer is tems is 
mani fes ted — d e p e n d i n g on the i n d i v i d u a l sensi t ivi ty — only af ter t h e beg inn ing of g e r m i n a -
t ion , and w i t h t h e most effect ive concen t ra t ion used resul ts most ly i n a complete g r o w t h 
inhibi t ion ( inh ib i t i on of side roo t f o r m a t i o n , inh ib i t ion of secondary g r o w t h in the v a s c u l a r 
t i ssue sys tem, des t ruc t ion of r oo t t i p s , wi ther ing of shoo t t ips and leaf apices). In th is case 
t h e activi t ies of t h e cambium a n d pe r i cambium are mos t ly comple te ly inhibi ted (Fig. 2). 
To sum u p we can s ta te t h a t t h e r e are d i f fe rences in effect ivi ty b e t w e e n the cy tos t a t i c 
D-mann i to l de r iva t ives : the e f fec t of d ib romomann i to l is more in tens ive t h a n tha t of Degra -
nol. The c y t o s t a t i c effect is of p r i m a r y charac ter , a l t h o u g h it inhibi ts ge rmina t ion b u t t o a 
low extent . I t s eems probable t h a t t h e p r imary m e r i s t e m s show d i f f e r e n t sensit ivity in t h e 
in i t ia l phase of ontogenesis. Roo t t i p s of young, severa l days old p l a n t s a r e the f irs t to show 
lesions; la ter t h e y wither , bu t a t t h e same t ime i n t ens ive inhibit ion o c c u r s in the a c t i v i t y 
of the secondary cambia ( camb ium, pe r icambium) . 
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N E A T A N - N E W M E R C K U S E D I N E P I D E R M A L S T U D I E S 
T h e ep idermis h a s f o r some t i m e b e e n s tudied b e s i d e t h e m e t h o d s of c l ea r ing l e a v e s 
a n d pee l ing off the e p i d e r m i s — by i m p r i n t s of non- toxic m u c i l a g e of p lan ts , l a t e x a n d s y n t h e t i c 
films (SAMPSON 1 9 6 1 , S I N C L A I R D U N N 1 9 6 1 . HORANIC — G A R D N E R 1 9 6 7 ) . 
T h e 6 t h P h a r m a c o p o e a H u n g a r i c a (1967) prescr ibes t h e e x a m i n a t i o n of c lea red leaves 
b y lea f - a n d h e r b - d r u g s . I n s t e a d of c l e a r i n g t h e leaves w e t r i e d t o make i m p r i n t s by m e a n s 
of N e a t a n - n e w Merck g e n e r a l l y used in t h i n - l a y e r c h r o m a t o g r a p h y . The l e a v e s were w a s h e d 
w i t h d i s t i l l ed water t o r e m o v e dus t or o t h e r c o n t a m i n a t i o n s ; t h e n t he w a t e r w a s w i p e d of f 
w i t h f i l t e r p a p e r and t h e l e a v e s spread w i t h t h e milk-like e m u l s i o n of N e a t a n b y m e a n s of a 
f i n e b r u s h . Hav ing d r i e d i t l e f t a shining f i l m on the s u r f a c e . W e set to pul l off t h e f i lm a f t e r 
h a v i n g w e t t e d i t w i t h w a t e r , a general p r a c t i c e in t h i n - l a y e r c h r o m a t o g r a p h y (RANDERATH 
1962). B y t h a t t ime t h e e m u l s i o n mus t b y a l l m e a n s be d r y , o t h e r w i s e it will d i l u t e a n d sp read 
w h e n w e t t e d . A b o u t o n e m i n u t e la ter t h e w a t e r was wiped u p a n d t h e f i lm p u l l e d off b y m e a n s 
of f o r c e p s . Pul l ing off i s b e s t begun o v e r o n e of the ve ins , so t h e leaf is less eas i ly i n j u r e d . 
T h e t h i c k n e s s of the N e a t a n l a y e r can by r e g u l a t e d by e i the r s p r e a d i n g the e m u l s i o n r e p e a t e d l y 
ove r t h e leaf , or by p o u r i n g a l i t t le of t h e emul s ion in to a w a t c h - g l a s s a n d s p r e a d i n g i t ove r 
t he leaf a f t e r a pa r t of t h e s o l v e n t has e v a p o r a t e d and the e m u l s i o n become s u f f i c i e n t l y t h i c k . 
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T h e l a t t e r is t he s impler procedure . Ne i the r too thin nor too th ick layers will do . When too 
t h i n t h e y will easily get t o rn when pulled off , when, on t he o t h e r hand, t h e y a r e too thick, 
t h e y a re d a r k and the s t r u c t u r e of the ep ide rmi s cannot be seen. 
T h e pul led off f i lm was man ipu l a t ed l ike the peeled off epidermis a n d l a id on a slide, 
m o u n t e d in wa t e r or covered dry and e x a m i n e d under a microscope. 
Fig. 2. P a r t of the epidermis in Pulmonaria officinalis L. 63 X 
Fig. 3. P a r t of the epidermis in Tradescantia sp. !.. Firs t impr int . 63 X 
I n our exper ience th is method can be applied, to l ea f -drugs (Fig. 1), h e r b a r i u m speci-
mens (Fig. 2) and even t o living p lants (F ig . 3). 
W i t h h e r b a r i u m specimens as t h e leaves are smoo thed down — N e a t a n can im-
med ia t e ly be spread over the epidermis. W i t h commercia l d rugs the case is n o t always as 
s imple as t h a t . For d rugs wi th suff ic ient ly stiff leaves (Sennae folium. Uvae ursi folium, b rac ts 
of l inden- t rees) we use t h e same method as wi th he rba r ium specimens; less s t i f f leaves, how-
ever . wi the r while being dried, then rol l ; l a te r they m u s t be softened in w a t e r , smoothed 
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down a n d wiped. The m e t h o d cannot be u s e d for densely h a i r e d leaves (Salviae folium), 
because t h e hairs do no t a l low the layer t o be spread u n i f o r m l y . W i t h su f f i c ien t pract ice 
acquired even t he epidermis of l iving plants c a n be studied w i t h t h i s method. I m p r i n t s can be 
made of t h e leaves repea ted ly (Fig . 4) since N e a t a n does not c a u s e toxic s y m p t o m s to plants . 
Fig. 4. Par t of t h e epidermis in Tradescnntia sp. L. S e c o n d imprint . 63 X 
To s u m up , N e a t a n - n e w Merck is a h igh ly suitable a i d in s tudying t h e epidermis. 
Impr in t s a re easily prepared w i t h it . It can be used in t axonomic s tud ies (leaves of he rba r ium 
specimens c a n be repeatedly examined) , to con t ro l drugs and o b s e r v e leaves of l iv ing plants . 
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E F F E C T O F S U N S H I N E H O U R S A N D T E M P E R A T U R E 
O N T H E D E V E L O P M E N T O F T H E W I N T E R W H E A T V A R I E T Y B Á N K Ú T I 1 2 0 1 
Agricul tural p r o d u c t i o n — u n l i k e industr ia l p r o d u c t i o n — depends t o a great e x t e n t 
o n ex te rna l fac tors m a n has but a s l igh t influence on. S u c h are the meteorological fac tors , 
w h i c h affect the p l a n t t h roughou t i t s w h o l e life and n a t u r a l l y exercise a cons ide rab le inf luence 
o n t h e yield as well. Owing to this g r e a t influence i t is indispensable t o express the e f fec t 
e x e r t e d by the meteorological e lements o n p lan ts in m a t h e m a t i c a l fo rmulas , since in this case 
t h e s e effects can q u a n t i t a t i v e l y be t a k e n i n t o considerat ion even if they c a n n o t be influenced. 
Such e x a m i n a t i o n s can be p e r f o r m e d with the a id of serial d a t a of phenological a n d 
meteorological obse rva t i ons carried on paral le l ly for m a n y years (WANG 1963, ULANOVA 1964). 
T h e s e calculations h a v e already been p e r f o r m e d for a n u m b e r of crops in t h e Soviet Union 
( U L A N O V A 1 9 5 9 , R u k o v o d s z t v o . . . 1 9 6 2 ) . 
When the e f f ec t s of meteorological elements on p l a n t s are s tudied t h r e e methods a re 
gene ra l ly used: a physiological , a s t a t i s t i c a l and a so cal led combined m e t h o d . 
I t is obvious t h a t the app l i ca t i on of techniques of a physiological charac te r in t h e 
agrocl imatological inves t iga t ions is l i m i t e d (e.g. measu r ing of evapo- t ransp i ra t ion) . On t h e 
o t h e r hand , inves t iga t ions of pure s t a t i s t i c a l character — neglecting t h e biological aspects 
of p l a n t s — may give misleading r e su l t s . Thus , it seems reasonable to use s u c h a method in 
t h e agroclimatological invest igat ions as app ly ing m a t h e m a t i c a l statist ical m e t h o d s with p lan t 
physiological resul ts a lways in view. I n agrocl imatology t h e la t ter is ca l l ed the combined 
m e t h o d . This m e t h o d is used in the p r e s e n t paper, too. 
The essence of the combined method. This method h a d earlier been discussed in de ta i l 
(VARGA —HASZONITS 1966) and later u s e d to characterize t h e relationship b e t w e e n the sowing-
s p r o u t i n g period of t h e winter w h e a t v a r i e t y " B á n k ú t i 1201" and t e m p e r a t u r e (VARGA — 
HASZONITS 1967). T h e r e f o r e we give h e r e only a brief s u m m a r y of the m e t h o d . 
The deve lopmen t of plants t a k e s p lace under t he in f luence of i n t e rna l inheri ted charac-
t e r i s t i c s on one h a n d , a n d external e n v i r o n m e n t a l effects (meteorological , soil- and agrotech-
n i c a l factors) on t h e o t h e r . The re la t ion of these factors t o t h e life p h e n o m e n a of plants can be 
exp re s sed with a m a t h e m a t i c a l f o r m u l a : 
w h e r e Y means some of the p roper t i e s of plants (g rowth , deve lopment , y i e ld amount a n d 
q u a l i t y , etc.), 0 t he i n t e r n a l while T t h e ex te rna l fac tors a f fec t ing the p l a n t s . 
Thus , apa r t f r o m the meteoro logica l factors, t h e l i fe funct ions of p l a n t s depend on 
o t h e r factors , too. H o w e v e r , agroc l imato logy requires a corre la t ion exp re s s ing plant response 
t o meteorological f a c t o r s only. E x t e r n a l f ac to r s are t h e r e f o r e divided in to t w o groups: meteor -
ological (T m ) a n d non-meteorological ( T n ) factors. T h e l a t t e r group i n c l u d e s all ex te rna l 
f a c t o r s affecting t h e p l a n t s except t h e meteorological ones . Formula (1) m a y be wri t ten ac-
c o r d i n g l y : 
If we choose a va r i e ty and g r o w i t in a def in i te t y p e of soil w i t h t h e same cu l tu ra l 
p r a c t i c e s applied y e a r b y year, we c a n cons ider the va lues 0 and Tn as n e a r l y constant . T h u s 
f o r m u l a (2) expresses t h e effect of meteorological f a c t o r s on a chosen p l a n t var ie ty g rown 
u n d e r given soil a n d p roduc t ion c o n d i t i o n s . This s t a t e m e n t is, however, o n l y app rox ima te ly 
t r u e in every case. 
Y - F(@, T) (1) 
У = F ( 0 , T„, Tm) (2) 
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I t should be ment ioned t h a t w i t h the aid of t i m e trends the 0 a n d Tn values c a n n o w he 
t aken in to cons idera t ion even if t h e y are not r e g a r d e d as constant (STALLINGS 1962, SHAW 1964, 
P F A U 1 9 6 4 , O U R Y 1 9 6 5 ) . 
Plant- and meteorological data. Work w i t h fo rmula (2) r e q u i r e s f i r s t of all p l a n t (Y)-
and meteorological (T m ) da t a . P l a n t da t a can be : phenometr ica l , phenological , b iochemica l 
and yield d a t a . F r o m the da ta of p l a n t s we choose t h e one for w h i c h w e wish to d e t e r m i n e the 
ef fec t of t he meteorological f a c t o r s . 
As t o t he meteorological f a c t o r s choice is a m u c h more c o m p l i c a t e d task. I t is known 
f r o m p l an t physiology t h a t a m o n g t he meteorological elements t e m p e r a t u r e and w a t e r —and 
in t he case of green p lants r a d i a t i o n too — b e l o n g t o the essential condi t ions of p l a n t s . These 
elements , however , not only d e t e r m i n e the c o n d i t i o n s of plant l i fe b u t also play a d o m i n a n t 
role in t he whole life process of p l an t s , since pho tosyn thes i s r e q u i r e s energy and w a t e r while 
t he r a t e of t h e chemical r eac t ions is great ly i n f l u e n c e d by the t e m p e r a t u r e . T h e r e f o r e these 
fac to rs are called basic ( d o m i n a n t ) f ac to r s (DAVITAYA 1948, TURC 1958). Fac tors — o n t h e other 
h a n d — t h a t ac t pr imari ly b y inf luencing t h e bas i c (dominant) f a c t o r s (clouds, w i n d , etc.) 
are considered secondary ( n o n - d o m i n a n t ) f a c t o r s . 
F o r m u l a (2) is valid only t o t h e extent w h e r e t h e intensi ty of t h e meteorological e lement 
in ques t ion reaches a certain c r i t i ca l level beyond w h i c h it becomes h a r m f u l or even de s t ruc t i ve 
for t he p lan t s . These meteorological elements su rpass ing the cr i t ica l level are called h a r m f u l 
fac to rs ( f ros t , s to rm, etc.). I t m a y happen t h a t several meteoro logica l elements r e a c h the 
cri t ical level a t which they b e c o m e h a r m f u l for p l a n t s (drought, e t c . ) a t the same t i m e . When 
s tudy ing these fac tors we t r y t o f i n d corre la t ions between their i n t e n s i t y and t h e e x t e n t of 
damages done b y them. 
I t is t h e basic (dominan t ) f a c to r s t h a t s h o u l d be f irs t cons idered in our s tudy . However , 
these f a c t o r s can usually be charac te r ized b y t h e value of severa l meteorological e lements . 
T e m p e r a t u r e m a y be: air t e m p e r a t u r e , p lan t t e m p e r a t u r e or soil t e m p e r a t u r e . Fo r t h i s reason 
we speak of e lements of direct a n d indirect a c t i o n respectively (STALLINGS 1961). A n e lement 
of direct ac t ion is e.g.: p l an t t e m p e r a t u r e , o n e of indirect ac t ion is e.g.: air t e m p e r a t u r e . 
I t fo l lows f r o m the fo rego ing t h a t it is a d v i s a b l e to choose t h e elements of d i r e c t act ion 
f rom the d o m i n a n t factors . U n f o r t u n a t e l y , o f t e n no data on t h e m are available, so ins tead 
of soil- or p l a n t t e m p e r a t u r e s t h e closely r e l a t e d air t e m p e r a t u r e d a t a are n o r m a l l y used. 
T h e meteorological d a t a c a n also be t h e measured or c a l c u l a t e d values of ind iv idua l 
meteorological e lements , or else complex va lues . 
T h e re la t ionship be tween t h e deve lopmen t of the winter w h e a t var ie ty B á n k ú t i 1201 
and t he meteorological f ac to r s w a s de te rmined b y means of t h e a b o v e described m e t h o d . 
Relationship between winter wheat and meteorological elements. T h e effect of meteorological 
e lements on win te r whea t has b e e n studied b y m a n y scientists i n H u n g a r y . KERÉK (1934), 
V Á G S E L L Y E I ( 1 9 3 7 ) , B E R É N Y I ( 1 9 5 1 ) a n d P I N T É R ( 1 9 5 5 ) s t u d i e d t h e r e l a t i o n s h i p b e t w e e n 
meteorological e lements and y ie ld amount s . MÁNDY (1960, 1961) f o u n d the g r o w t h r a t e of 
win te r w h e a t to be dependen t on cer ta in meteorologica l elements. SZÁSZ (1961) a n d SZAKÁLY 
(1963, 1966) ana lyzed the e f fec t of c l imate on t h e phenological cha rac t e r s . VARGA — HASZO-
NITS (1967) dea l t wi th the m a t h e m a t i c a l ana lys i s of the re la t ionsh ip between p l a n t develop-
m e n t and meteorological e l emen t s . 
T h e p resen t paper also se t s t he aim of p r e p a r i n g a m a t h e m a t i c a l analysis of t h e effect 
of sunshine h o u r s and t e m p e r a t u r e on the d e v e l o p m e n t of p lan t s . 
To d e m o n s t r a t e the e f fec t of meteorological fac tors on p l a n t s b o t h plant- a n d meteoro-
logical d a t a are required. 
I n t h e Cent ra l I n s t i t u t e of Meteorology phenological o b s e r v a t i o n of cu l t i va t ed p lan t s 
has been carr ied on since t he ea r ly f i f t ies . Thus a t some sites more t h a n t en years ' phenologica l 
obse rva t ions are a t our disposal . I n the p re sen t s t u d y the 11 y e a r s ' (1952 — 62) phenologica l 
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d a t a relative to t h e w in t e r wheat v a r i e t y Bánkút i 1201 f r o m six o b s e r v a t i o n sites (Debrecen , 
K a r c a g , Bánkú t , Kecskemét , I r egszemcse , H a t h a l o m ) a re used. T h e phenological a n a l y s i s 
of these data was ca r r i ed out by SZAKÁLY (1963). 
Data f r o m meteorological s t a t i o n s nearest to t h e phenological obse rva t ion sites w e r e 
u s e d to character ize t h e meteorological elements. 
Relationship between meteorological factors and plant development. Accord ing to SCHNELLE 
(1955) the d e v e l o p m e n t of plants is inf luenced p r i m a r i l y by the r a d i a t i o n and t e m p e r a t u r e 
O b _ j — I — 1 — , — I • I—1—I—t I i i 1 I I 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20. 21 2 2 
Temperature in degrees 
Fig. 1. Effect of t e m p e r a t u r e on d e v e l o p m e n t in win te r w hea t 
condi t ions . On t h e bas i s of i nves t iga t ions carried o u t in a phy to t ron WENT (1957) a r r ived a t 
s i m i l a r conclusions. F o r this reason w e too began o u r invest igat ions i n t o the re la t ionsh ip 
b e t w e e n meteorological factors a n d p l a n t development b y using d a t a o n sunshine hours a n d 
t e m p e r a t u r e . 
Relat ionships between t e m p e r a t u r e , sunshine h o u r s and p h o t o t h e r m a l index on o n e 
h a n d , and lengths of deve lopmenta l p h a s e s in the w i n t e r whea t v a r i e t y B á n k ú t i 1201 on t h e 
o t h e r , were d e t e r m i n e d on the basis of fo rmula (2). T h e correlat ion coe f f i c i en t s are p r e sen t ed 
i n T a b l e 1. Values s h o w n by Tab le 1 a re significant e v e n at P = 0.01. 
The effect of t empera tu re o n p l a n t deve lopment can be exp re s sed by the fol lowing 
f u n c t i o n : 
a 
Y
 = ь <3> 
x
b 
Y m e a n s the l e n g t h of t he phase in d a y s , x the mean t e m p e r a t u r e of t h e p h a s e in cen t ig rades , 
a a n d b are cons t an t s , changing by deve lopmen ta l phases , so the empir ica l f o r m s of fo rmula (3) 
w i l l differ f rom o n e ano the r in t he i n d i v i d u a l phases of development ( F i g . 1 a. b, с cu rves ) . 
The r e l a t ionsh ip shows t h a t if t e m p e r a t u r e rises t h e length of p h a s e will be shorter a n d 
v i c e versa: if t e m p e r a t u r e falls t h e l e n g t h of phase increases . The phas ic l eng th change p e r 1 
c e n t i g r a d e t e m p e r a t u r e rise or fall c a n be easily de te rmined f rom the empi r i ca l funct ion (Fig. 1). 
I t shows fur ther t h a t 1 centigrade t e m p e r a t u r e c h a n g e s occurring a t d i f f e r e n t t e m p e r a t u r e s 
i n d u c e various p h a s i c length changes . T h u s the w i n t e r whea t va r i e ty B á n k ú t i 1201 r e a c t s 
t o t empera tu re c h a n g e s occurring a t d i f f e r e n t t e m p e r a t u r e s wi th d i f ferent r a t e s of deve lopmen t . 
The effect of sunshine hours oil p lan t d e v e l o p m e n t can be e x p r e s s e d with a s t r a i g h t 
l i ne . When the n u m b e r of sunshine h o u r s increases, t h e l e n g t h of phase inc reases too, and w h e n 
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t h e fo rmer decreases t h e la t ter decreases as well. The empi r i ca l cons tan ts of t he straight lin e 
are d i f ferent in each p h a s e in this case too . 
The corre la t ion coefficient o b t a i n e d for the p h a s e be tween sowing a n d sprouting w a s 
p u t in brackets , as in t h a t period the p l a n t is in the soil, so sunshine has no d i rec t effect on i t . 
Thus bo th t e m p e r a t u r e and s u n s h i n e hours h a v e considerable e f f e c t s on the deve lop-
m e n t of the winter w h e a t variety B á n k ú t i 1201. Since, however , the t w o meteorological ele-
Table 1 
Effect of thermal factors on the length of the developmental phase 
Sowing-
sprouting 
Shoot ing-
ea r ing 
Earing-waxy-
r ipen ing 
T e m p e r a t u r e  - 0.62 — 0.77 - 0 . 7 0 
Sunshine hours  (0.46) 0.88 0.67 
P h o t o t h e r m a l index . . - 0 . 9 4 . — 0.91 - 0 . 8 4 
m e n t s are in close cor re la t ion with one ano the r as well, i t is very i m p o r t a n t t o examine t h e i r 
combined effect on t h e development of t h e winter w h e a t . 
Meteorological e lements s u m m e d u p in time m a y g ive misleading r e su l t s , as the u sua l ly 
h igher value of t h e e lement total led fo r more days ( longer phase), or u s u a l l y lower v a l u e 
to ta l l ed for fewer d a y s (shorter phase) m a y show a close connect ion wi th t h e length of p h a s e 
w i t h o u t any reasonable correlation. S u n s h i n e durat ion ( a n d h e a t sum too) is a similar meteoro-
logical element. T h e r e f o r e it seemed reasonable to e x p r e s s the complex e f fec t of the t w o 
e l e m e n t s with a v a l u e t h a t de termines t empera tu re c h a n g e s per unit s u n s h i n e 
i„ = - -1000
 ( 4 ) 
ft 
where i0 is the p h o t o t h e r m a l index, t t h e mean t e m p e r a t u r e of the deve lopmen ta l p h a s e 
expressed in cen t ig rades , and ft the t o t a l amount of s u n s h i n e hours in t h e deve lopmenta l 
phase . Wi th the aid of t h e multiplier 1000 the values of t h e p h o t o t h e r m a l index are g iven 
in whole numbers . 
As it is seen f r o m Table 1 the p h o t o t h e r m a l i n d e x shows the closest correlation w i t h 
p l a n t development . T a b l e 1 shows f u r t h e r , t h a t winter w h e a t is the most sens i t ive to changes 
in t h e r m a l meteorological elements in t h e phase of shoo t ing and earing. Sens i t i v i ty to t h e r m a l 
f a c t o r s — though decreas ing — is still considerable in t h e phase of earing a n d waxy r ipening. 
Relat ionship b e t w e e n p h o t o t h e r m a l index and p l a n t development c a n also be de te r -
mined b y the fo rmula (3). In this case, however , x m e a n s t h e value of the p h o t o t h e r m a l i n d e x . 
Empi r i ca l cons tan t s f o r the individual p h a s e s of d e v e l o p m e n t are the fo l lowing: 
a ft 
sowing — s p r o u t i n g 963 0.82 
shoot ing — e a r i n g 715 0.75 
ear ing — w a x y r ipen ing 531 0.64 
10* Acta Agronomica Academiae Scientiarum Hungaricae 20, 1971 
3 9 6 VARIA 
If t h e va lue of p h o t o t h e r m a l index a n d phas ic length in t h e three e x a m i n e d phases 
of d e v e l o p m e n t are represen ted — as in the case of t empe ra tu r e — b y a single f igure , t h e groups 
of po in ts jo in , t h a t is, the co r re l a t ion for t he t h r e e phases can be expressed by a s ingle func t ion 
(Fig. 2). T h e analyt ica l f o r m of t he func t ion c a n also be given w i t h formula (3). I t s empirical 
c o n s t a n t s a re : a = 916, b = 0 .80; the va lue of t h e correlation is 0.95. (The i n c r e a s e d close-
ness of t h e correla t ion can b e explained b y t h e f a c t tha t the c o m m o n mean v a l u e of phasic 
—i i i i i J i i i i i i i i i i i i i i 
0 20 40 60 80 Ю0 120 M 160180 200220 2AO26028030032O3A0 360 380 
P h o t o t h e r m a l index 
Fig. 2. J o i n t effect of t e m p e r a t u r e and sunsh ine hours ( p h o t o t h e r m a l index) on t h e develop 
ment of w i n t e r wheat 
l eng th — w i t h one or two excep t ions — is h ighe r t h a n the va lues of sowing — s p r o u t i n g phasic 
lengths , a n d lower t han t h o s e of t he spring p h a s i c lengths. W i t h t h e pho to the rma l i n d e x it is 
t he o ther w a y round : i t s a u t u m n values a re genera l ly higher a n d spring va lues l o w e r than 
the overal l m e a n value.) I t fo l lows tha t c h a n g e s in the phasic l e n g t h s of w in t e r w h e a t are 
caused t o some 9 0 % by t h e j o i n t effect of s u n s h i n e and t e m p e r a t u r e . 
T h u s , if a low n u m b e r of sunshine h o u r s is combined w i t h h i g h t empe ra tu r e s t h e devel-
opmen t of w i n t e r wheat slows down, while in t h e case of m u c h sunshine combined w i t h low 
t e m p e r a t u r e s t h e deve lopmen t accelerates. T h e phasic length c h a n g e belonging t o t h e 1000 
degree/hour p h o t o t h e r m a l i n d e x value can be r e a d f rom the f u n c t i o n in Fig. 2. 
* 
P r e p a r e d a t the Cen t r a l Ins t i t u t e of Meteorology, B u d a p e s t 
Z. VARGA-HASZONITS 
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A N E W M E T H O D F O R T H E R A P I D D E T E R M I N A T I O N 
O F A U X I N C O N T E N T S 
T h e tes t has t h e following s teps: 
1. An a d e q u a t e a m o u n t (e.g. 1 — 2 g) of p l an t ma t e r i a l dissected into f r a c t i o n s of 2 — 3 
m m is ex t rac ted w i t h 10 ml 35 percen t perchloric acid, a n d t he same a m o u n t w i t h 10 ml 
G o r d o n —Weber r e a g e n t , fo r 1 hour, whi le s t i r red f rom t i m e to t ime. 
2. Bo th solut ions a re f i l tered t h e n poured in to c u v e t t e s (of 5 ml) for t h e purpose of 
p h o t o m e t r y . The perchlor ic acid solution is controlled for zeroing wi th 35 pe rcen t perchloric 
a c i d , while the Gordon — Weber solution w i t h Gordon —Weber reagent . 
3. Ext inc t ion is measured wi th t h e Uv i fo t a p p a r a t u s a t t h e wave length of I A (510 nm). 
4. Separa te ly d e t e r m i n e d ex t inc t ion values of t h e Gordon — Weber- a n d perchloric 
acid solut ions are s u b t r a c t e d f rom each o t h e r , and the d i f ference shows the ex t inc t ion produced 
b y t h e Gordon —Weber reagen t unde r t h e inf luence of t h e given auxin con ten t . Sub t rac t ion 
of t h e ext inct ion of t h e perchloric acid solut ion f rom t h a t of t he Gordon — W e b e r solution 
ensu res t h a t the e x t i n c t i o n of n a t u r a l colour subs tances e x t r a c t e d toge ther w i t h t he auxin 
will be el iminated a n d t h e tes t t hus m a d e precise. 
T h e above m e t h o d is sui table n o t only for the d e t e r m i n a t i o n of t he r e l a t ive auxin 
c o n t e n t , b u t with a ca l ib ra t ion curve d r a w n f r o m the ex t inc t ion of a concen t r a t ion serie of 
beta- indolyl-acet ic acid measured a t IA w a v e l e n g t h the free a u x i n con ten t can also be concluded 
on. 
The pattern of the test 
Dissec ted mater ia l 
(e.g. 2 g) 
reagent ( = 2 ml 
0.5 mol FeCl 3 + 
10 ml Gordon — Weber 
4 
10 ml 35 percent 
perchloric acid 
100 ml 35 p e r c e n t 
perchloric ac id) 
Ex t inc t ion m e a s u r i n g 
zeroed to G o r d o n >-
Weber r e a g e n t 
M I N U S 
Ext inc t ion measu r ing 
zeroed to perchloric 
acid 
/ / 
/ 
E x t i n c t i o n p ropor t iona l 
t o t h e aux in con t en t 
of t h e mater ia l e x a m i n e d 
Prepared a t t h e Hor t icu l tu ra l Resea rch I n s t i t u t e , B u d a p e s t — Cegléd 
T . B R U N N E R , Z S . A N T O N I 
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F L O W E R AND F R U I T N A M E S IN H U N G A R I A N F O L K - S O N G S 
I t is f r o m RAPAICS' s u m m a r i z i n g works (1932, 1940) t h a t we c a n ga the r detailed in -
fo rmat ion abou t t h e favour i te f lowers a n d f rui ts of t h e Hungar i an peop le . 
The well k n o w n old H u n g a r i a n folk-songs a n d fo lk- ta les often c o n t a i n names of p l a n t s . 
T h e f r equency of t h e s e plant n a m e s h a s an in te res t ing relat ion to t h e m o s t popular f l o w e r s 
a n d f ru i t s of t h e H u n g a r i a n people. T h e present p a p e r is confined to a br ief analysis of s o m e 
500 Hunga r i an fo lk-songs selected b y KODÁLY—VARGYAS (1969) (mos t ly folk-songs col lected 
in Transy lvan ia , U p p e r Nor thern H u n g a r y and w i t h i n t h e boundar ies of t h e count ry s ince 
t h e beginning of t h e century) . 
The mos t p o p u l a r flowers of t h e Hungar ian peop le a re the rose, t h e l i ly, the gil ly-flower, 
t he daisy, the va l l ey lily, the c a r n a t i o n , the rosemary , t h e tulip and t h e ge ran ium; t h e y al l 
h a v e their pa r t in Hunga r i an fo lk-songs . I t is known t h a t among these f lowers the f a v o u r i t e 
ones have names of La t in origin; t h e words : " r ó z s a " (rose) , " l i l iom" (l i ly) a n d "v io la" (gil ly-
f lower) were i n t r o d u c e d into the H u n g a r i a n language w i t h the spread of Chr i s t ian i ty , a l t h o u g h 
the i r his tory r eaches back to the t i m e s of ancient c u l t u r e s . 
The f a v o u r i t e flowers and f l o w e r i n g f ru i t - t rees t h a t la ter the p e o p l e got to know, t o o 
a n d the names of which were a d o p t e d were first i n t r o d u c e d in the g a r d e n s of cloisters a n d 
f e u d a l castles in t h e Middle Ages; e.g. " rózsa" (rose), "bazsa rózsa" ( p e o n y ) , " c s ipke rózsa" 
(hedge rose), " i b o l y a " (violet), " v i o l a " (gillyflower), " l i l i om" (lily), " s z e g f ű " (ca rna t ion) , 
" r o z m a r i n g " ( rosemary) , " b ú z a v i r á g " (cornflower), " a l m a " (apple), " k ö r t e " (pear), "cseresz-
n y e " (cherry), " m e g g y " (sour c h e r r y ) , " m a n d u l a f a " ( a lmond tree), e tc . T h e fo rge t -me-no t 
a d o p t e d f rom the f lower tales as well as t h e most f r e q u e n t l y used gar land p l a n t s : the m a r j o r a m 
a n d the rosemary a r e especially loved b y the people. T h e occurrence of t h e i r names in fo lk -
songs was a l r eady ment ioned by RAPAICS (1932). 
The tu l ip was brought i n t o E u r o p e by the T u r k s ; the popu la r ches t painted w i t h 
tu l ips is well k n o w n n o t only in H u n g a r y bu t all over E u r o p e . 
As to t he n a m e s of fruits , a cco rd ing to RAPAICS (1940) the word " m e g g y " (sour c h e r r y ) 
is of Finno — U g r i a n origin, and t h e f r u i t itself was a l r e a d y known b y t h e p r o t o - H u n g a r i a n s 
in t h e Volga d i s t r i c t where the d w a r f morello is a n a t i v e plant . However , m o s t f ru i t n a m e s , 
e.g. " a l m a " (apple) , " k ö r t e " (pear ) , " k ö k é n y " (b l ack tho rn ) , " sző lő" (grape) , " m o g y o r ó " 
(hazel-nut) , " s o m " (cornel), etc. are of Bu lga r i an—Turk i sh origin (BENKO 1967). The H u n g a r -
i ans got a c q u a i n t e d wi th these p l a n t s when meet ing t h e Bulgar ian-Turk ish tribes. A n o t h e r 
resu l t of the s o u t h e r n influence is t h e knowledge of oak , a c o r n and nut a d o p t e d f rom the I r a n i a n 
Alan people, a n d t h e use of their n a m e s (" tö lgy" , " m a k k " , "dió") . 
Each of t h e p l an t names l is ted so fa r occurs in t h e Hungar ian fo lk-songs . As a g u i d a n c e 
we subsequent ly l is t the names of p l a n t s encountered du r ing the ana lys i s of 495 folk-songs 
(KODÁLY—VARGYAS 1969). Beside each name in b r a c k e t s the Lat in n a i n e of the species or 
genus and occasional ly the re la ted compound words a re presented. T h e list was compi led 
according to t he f r e q u e n c y of occurrence , and the n u m b e r of occurrence is also given in b r a c k e t s 
The mos t f r equen t ly used p l a n t names are t h e following: 
rózsa (rose) (Rosa sp. — rózsabokor (rose bush), r ó z s a f a (rose tree), t e a rózsa (tea-rose); 25) 
b ú z a (wheat) ( T r i t i c u m ae.stivum — b ú z a kenyér ( w h e a t e n bread), b ú z a szem (wheat g r a i n ) , 
búzaszál (wheat -s ta lk) , búzap i ros l á s (the red co lou r of wheat) , b ú z a v i r á g (cornf lower) ; 
1 4 ) 
a l m a (apple) ( M a l u s sp. — a lmafa (app le tree); 9) 
rozmar ing ( ro semary ) (Rosmarinus officinalis rozmar ingszá l ( ro semary stalk), r o z m a r i n g 
szálacska ( l i t t le rosemary s t a l k ) ; 11) 
szőlő (grape vine) ( Vitis vinifera — szőlő virág (grape f lower ) , gerezd szőlő (a b u n c h of g rapes ) ;6 ) 
kukor ica (maize) (Zea mays — k u k o r i c a derce (maize groots), kukor i caszá l (maize s t a l k ) , 
édesmáié ( sweet corn-cake); 6) 
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nyárfa (pop la r ) (Populus sp . ; 5) 
szegfű ( c a r n a t i o n (Dianthus caryophyllus — szeg fűv i r ág (ca rna t ion f lower) ; 5) 
szilva (p lum) ( P r u n u s domeslica — szilvafa ( p l u m tree); 5) 
csipkebokor (b r i a r ) (Rosa canina — cs ipkebokor rózsa (briar rose) ; 4) 
dió (walnut) (Jug lans regia — d i ó f a (walnut t r ee ) ; 4) 
kender ( h e m p ) (Cannabis sativa — virágos k e n d e r (f lowering h e m p ) , kende rke (little h e m p ) ; 4) 
zab (oats) ( A v e n a sativa; 4) 
The fol lowing p lants o c c u r three t imes: 
cédrusfa ( c e d a r t ree) (Cedrus sp . ) 
cseresznye ( c h e r r y ) (Cerasus avium - cseresznyefa (cherry t ree ) , cseresznyefalóca (cher ry 
wood bench ) 
cserfa ( T u r k e y oak) (Quercus cerris — c se r fahé j ( tanbark) , c se r f a f ü s t (oak-wood smoke) 
c se r faké reg bocskor ( t a n - b a r k moccasin) 
fügefa (fig t r e e ) (Ficus carica — fügefalevél ( f ig leaf ) ) 
fűzfa (willow) ( S a l i x sp. - s z o m o r ú f ű z f a (weeping willow)) 
káposzta ( c a b b a g e ) (Brassica sp . ) 
liliom (lily) ( L i l i u m candidum — liliomszál (lily s ta lk) ) 
m a j o r á n n a ( m a r j o r a m ) (Majorana hortensis) 
viola (gi l ly-f lower) (Matthiola incana — v iolaszál (a stalk of va l l ey lily)) 
The fol lowing plants o c c u r once or twice : 
á rpa (bar ley — Hordeum sp . ) ; b a b (bean — Phaseolus vulgaris); bodorka ( T r i f o l i u m sp., 
probably T. retusum); bors ( b l a c k pepper — Piper nigrum); b ü k k f a (beech-tree — Fagus 
silvatica); c i t r o m f a (lemon t r e e — Citrus limon) ; d innye (melon — Citrullus sp. or Cucumis 
melo); g o m b a (mushroom); gyöngyv i r ág (lily of t h e valley) (Convallaria majalis) ; h a j d i n a 
(buckwheat — Fagopyrum esculentum) ; ibolya (v io le t Viola odorata); jegenye ( p o p l a r — 
Populus nigra ssp. pyramidalis) ; komló (hop Hamulus lupulus); k ö k é n y (sloe — Prunus 
spinosa) ; k ö r t e f a (pear-tree — Pyrus sp.); k r u m p l i (pota to — Solanum tuberosum) ; lencse 
(lentil — Lens culinaris); l u c f a (Norway s p r u c e — Picea abies, p e r h a p s Pinus sp . ) ; m a k k 
(acorn— Quercus sp.); m á l n a ( raspber ry — Rubus idaeus); m e g g y f a (sour c h e r r y - t r e e — 
Cerasus vulgaris); mogyoró (haze l nu t — Corylus avellana); m u r o k (carrot — Daucus 
carota); n á d (reed — Phragmites communis); nefelejcs ( fo rge t -me-no t — Myosotis sp.); 
nyírfa (b i rcb- t ree — Betula sp . ) ; petrezselyem (pars ley — Petroselinum crispum); p ü n k ö s d i 
rózsa (peony Paeonia officinalis); retek ( r ad i sh — Raphanus sativus); rezeda ( m i g n o n e t t e 
— Reseda odorata); ru ta ( rue — Ruta graveolens); sa lá ta ( le t tuce — Lactuca sativa); t u l ipán 
(tulip — Tulipa sp.); uborka ( c u c u m b e r — Cucumis sativus); v ö r ö s h a g y m a (onion — Allium 
сера). 
In 2 5 % of the selected 495 folk-songs, t h a t is in 125 fo lk - songs there are a t o t a l of 47 
plant names . As a mat te r of cu r io s i t y it can be men t ioned t h a t S á n d o r Pe tőf i used 34 p o p u l a r 
plant names in all his poems (RAPAICS 1932). 
The d a t a and the r a t e s a r e , of course, o n l y of in format ive cha rac t e r , but i t is p r o b a b l e 
t h a t they a re similar in the w h o l e stock of H u n g a r i a n folk-songs. 
Bes ide t h e popular f l o w e r - and fruit n a m e s in many cases n a m e s of a number of hort i -
cultural- a n d spice plants a re a lso found in comica l folk-songs, e .g . : cabbage, l en t i l , bean, 
melon, c a r ro t , parsley, rad ish , l e t t uce , cucumber , onion, etc. T h e y mos t ly occur in me lod ious 
comparisons. 
The w o r d wheat and i t s der ivat ives , as well as the names of o t h e r cereals: b a r l e y , oats, 
are str ikingly f r e q u e n t ; even t h e names of maize , h e m p , hop and p o t a t o occur. I t is i n t e r e s t i ng 
t h a t the p o p u l a r name of t h e va luab le salt t o l e r a n t wild clover v a r i e t y of the H u n g a r i a n 
steppe ( T r i f o l i u m sp., p r o b a b l y T . retusum) ha s also i ts pa r t in one of t he folk-songs of Békés 
County (HERMAN 1914). 
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To s u m up , i t can be s t a t e d tha t the old p l a n t names of t h e H u n g a r i a n people, especially 
the f a v o u r i t e f lower- and f r u i t names a b u n d a n t l y occur in the H u n g a r i a n folk-songs making 
hem co lou r fu l and v a r i e g a t e d . 
* 
P r e p a r e d at the I n s t i t u t e of A g r o b o t a n y , Tápiószele 
L . G Y . SZABÓ 
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N U C L E A R M A G N E T I C R E S O N A N C E S P E C T R O S C O P Y 
A P P L I E D IN A G R I C U L T U R A L R E S E A R C H 
I n o u r days science is character ized b y t h e overlapping of scientific b ranches . I t often 
occurs t h a t a j o i n t effort of t w o or more b r a n c h e s of science is r e q u i r e d for solving a m o r e com-
plex p r o b l e m a n d it has b e c o m e an everyday p r a c t i c e tha t results o b t a i n e d in one f ie ld of science 
are u t i l ized as new means of research by a n o t h e r field. This is also the case w i t h scientific 
f ields a p p a r e n t l y ra ther d i s t a n t f rom each o t h e r , as e.g. n u c l e a r physics and agr icul tura l 
r e sea rch , breeding. 
T h e ques t ion w h e t h e r a scientific r e s u l t is thoroughly k n o w n or not is dec ided by the 
ex ten t i t i s ut i l ized in p r a c t i c e . Description of t h e behaviour of nuc le i in a magne t i c field be-
longs s t r i c t l y to the sphere of physics. I t w a s physical research t h a t explored t h e detai ls of 
th is p h e n o m e n o n , and p o i n t e d ou t the fac t t h a t unde r identical condi t ions the n u c l e u s shows 
a cha rac t e r i s t i c behaviour a n d th is behaviour d e p e n d s exclusively on i ts propert ies , i t s direct, 
very close env i ronment ( c r y s t a l type, c o n f i g u r a t i o n , chemical b o n d , and the s t r u c t u r e of the 
nucleus i tself , etc.). A c c u m u l a t i o n of a s u f f i c i e n t amount of i n f o r m a t i o n has m a d e it possible 
to d r a w conclusions f r o m t h e behaviour of t h e nucleus in k n o w n c i rcumstances on i t s quali ty, 
s t a tus , e n v i r o n m e n t , etc. T h i s f a c t implies, h o w e v e r , the possibil i ty of utilizing the p h e n o m e n o n 
as a m e a n s of research in so lv ing problems of n o t mere physical c h a r a c t e r . Agr icul tura l research 
and b r e e d i n g m a y be such use r s . 
T h e p resen t paper is a i m e d at ana lys ing t h e applicabili ty of nuclear magnet ic resonance 
in a g r i c u l t u r a l research, f i r s t of all on the b a s i s of literary d a t a avai lable , wi thou t a n y claim 
to comple t enes s , taking i n t o considerat ion t h a t in agricultural r e s e a r c h the main emphas i s is 
laid on m e t h o d s making e x a m i n a t i o n s of h i g h ser ia l number poss ib le in a relatively s h o r t time. 
I n agr icul tura l r e s e a r c h th is method h a s t h e great a d v a n t a g e of providing a n oppor tu-
n i ty to c a r r y out m e a s u r e m e n t s on living m a t e r i a l (e.g. seeds) w i t h o u t its being i n j u r e d and 
lost fo r b reed ing . We h a v e n o t been able so f a r t o perform such examina t ions w i t h t h e tradi-
t ional phys i ca l , chemical a n d biochemical m e t h o d s . 
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Nuclear m a g n e t i c resonance. T h e phenomenon of nuclear m a g n e t i c resonance (sub-
s e q u e n t l y : NMR) w a s discovered in 1946 b y E. M. PURCELL et al., and s e p a r a t e l y by P.BLOCH 
et al. The d e v e l o p m e n t of the p h e n o m e n o n of NMR, m e t h o d s of de t ec t i on , t he relat ionship 
b e t w e e n its shape a n d measurable p a r a m e t e r s and t he n u c l e u s and i ts e n v i r o n m e n t , chemical 
s h i f t , etc. are no t d e a l t with here in de ta i l . They are discussed in de ta i l b y FEYNMAN et al. 
( 1 9 7 0 ) , F L U C K ( 1 9 6 3 ) , H O P K I N S ( 1 9 6 5 ) , L Ö S C H E ( 1 9 5 7 ) , K I T T E L ( 1 9 6 6 ) , P O P L E et al. ( 1 9 5 9 ) . 
W e should only l ike t o give a general phys ica l picture of t h e bases of t h e phenomenon he re . 
If nuclei are p l aced in a c o n s t a n t ex te rna l magne t i c f ie ld (Hu), t h e n t h e number of posi-
t i o n s the magnetic m o m e n t u m s of n u c l e i (/t) can occupy in relation to t he H 0 magnetic f ie ld 
wi l l be 2S + 1, w h e r e S means the sp in of t he nuclei. T h e nucle i display a precess ive movemen t 
i n accordance wi th t h e direction of t h e H0 magnetic f i e ld . 
The f r e q u e n c y of precession v0 i s : 
С „ P 
"o = H о y = 
Sh Sh 
w h e r e h is the P l a n c k cons tan t and y t h e gyromagnet ic c o n s t a n t of the nuc l eus . If the cons tan t 
H0 magnet ic field is superposed by a m a g n e t i c field of HVo f requency, t h e direct ion of which 
f o r m s a right angle t o t h a t of H0, t h e magne t i c m o m e n t u m s of nuclei c h a n g e their d i rect ion 
( t h e angle of precess ion changes) and d e t r a c t the energy r equ i r ed for th is f r o m the H magne t ic 
f i e l d . The magn i tude of frequency fa l l s w i t h i n the r ange of radio f r e q u e n c y . 
In practice r e sonance does n o t o c c u r at a single )>„ f requency b u t i n a Av0 range of t h e 
v0 f requency . The r e a s o n is that a t o m i c nuclei are i n f l u e n c e d — in a d d i t i o n to the cons t an t 
e x t e r n a l H0 m a g n e t i c f ield — hy t h e magne t i c fields of a d j a c e n t a t oms w h i c h are d i f ferent . 
S o t h e magnetic f i e ld t h a t affects t h e nuc le i is not u n i f o r m , and resonance, accordingly, does 
n o t occur at a single r 0 f requency, b u t i n t h e f requency b a n d of Av0. On t h i s basis it is unde r -
s t a n d a b l e that f r o m t h e width of N M R w e can conclude on interact ions b e t w e e n the nucleus 
a n d i t s envi ronment , a n d the mark is expec ted to w i d e n in substances w h e r e the a d j a c e n t 
n u c l e i intensively a f f e c t each other (e.g. i n metals and c rys ta l l ine c o m p o u n d s ) , and to become 
m u c h narrower in subs t ances where t h e effects of a d j a c e n t nuclei are low or negligible (e.g. 
i n solutions of c ry s t a l l i ne compounds) . 
One of t he m e t h o d s of d e m o n s t r a t i n g energy abso rp t i on occurr ing a t the resonance 
f r e q u e n c y was deve loped by E. M. PUHCELL. The basis of th is method is t h a t samples to b e 
e x a m i n e d are p laced in the reel in t h e homogeneous e x t e r n a l magnetic f i e ld , which is, a t t h e 
s a m e t ime the i n d u c t i o n part of t he osc i l la t ing circuit of a n oscillator. M a g n e t i c m o m e n t u m s 
s w i n g i n g over the r e sonance f r e q u e n c y de t rac t the e n e r g y required for t h e swing-over f r o m 
t h e electro-magnetic f ie ld of the reel a s demons t ra ted b y radio-technical m e a n s . The o t h e r 
m e t h o d was e l abo ra t ed by P. BLOCH. H e r e too, the s a m p l e is in the homogeneous externa l 
m a g n e t i c field, t h e precessing m o m e n t u m s are forced t o swing over b y t h e electro-magnetic 
f i e l d of which t h e f r e q u e n c y is i d e n t i c a l with t h a t of t h e precession. T h e electromagnet ic 
r a d i a t i o n emitted d u r i n g the t r ans i t ion induces a r ad io - f r equency po ten t i a l i n the reel p laced 
b e s i d e the sample w h i c h can also be demons t r a t ed b y rad io technica l m e t h o d s . 
In agr icul tura l research the N M R - m e t h o d can b e efficiently u s e d in the following 
f i e l d s : 
When appl ied together with a des t ruc t ion p r o c e d u r e : 
1. D e m o n s t r a t i o n of e lements a n d inorganic c o m p o u n d s on t h e bas i s of s epa ra t e 
NMR m a r k s of 4H, " B , 1 4N, 1 9 F, 3 1P, 63Cu, etc. 
2. E x a m i n a t i o n of the compos i t i on of organic c o m p o u n d s : 
a) F a t t y ac ids , glycerids. 
b) Pep t id s , amino acids. 
c) Carot inoids , plant p r o t e c t i v e s , etc. 
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When app l i ed des t ruc t ion- f ree (in intact p l an t p a r t s and seeds) 
1. W a t e r c o n t e n t de t e rmina t ion . 
2. Oil c o n t e n t de t e rmina t ion . 
3. D e t e r m i n a t i o n of n i t rogen compounds. 
Of t he e x a m p l e s listed a b o v e determinat ion of peptide, amino acids , water c o n t e n t 
a n d oil con ten t will be dealt w i t h in detail . The m a j o r i t y of the NMR m e t h o d s combined w i t h 
desctruct ion be longs t o the so cal led high resolution N M R spectroscopy, while m e a s u r e m e n t s 
m a d e wi th i n t a c t samples fall w i t h i n t he sphere of b road- l ine NMR spectroscopy. The d e t e r -
minat ions of e l emen t s disclosed b y destruct ion can b e included here t o o . 
Fig. 1. The N M R - m a r k (1) and der iva te (2) of p r o t o n . Parameters measurab le : h = h e i g h t , 
d = wid th , t = area, a = p e a k - t o - p e a k ampl i tude 
The m e a s u r a b l e p a r a m e t e r s of NMR are t he fol lowing: field b e l o w the mark (t), h e i g h t 
of its peak (ft), ha l f -value w i d t h of t he mark (d), peak - to -peak a m p l i t u d e of the der ived m a r k 
(a) — as seen in Fig. 1. The f ie ld below the mark is propor t ional w i t h t h e number of p r o t o n s 
tak ing pa r t in t h e resonance. T h i s means tha t if e.g. t h e NMR s p e c t r u m of a fa t ty acid is con-
cerned, in w h i c h hydrogen nucle i are in three d i f f e r e n t chemical env i ronmen t s , and so t h r e e 
separate r e sonance peaks are o b t a i n e d , the p ropor t ion of the fields be low the peaks c o r r e s p o n d s 
t o the numer ica l propor t ion of hydrogen nuclei i n t h e individual chemical e n v i r o n m e n t s . 
S t u d y of elements. T h e N M R spectroscopy of cer ta in e lements — and general ly of in-
organic c o m p o u n d s — is dea l t w i t h by FLUCK (1963) in great d e t a i l ; he gives p a r t i c u l a r s 
about cer ta in i m p o r t a n t macro- a n d micro-elements occurring in p l a n t s ( l H , 14N, 3 1 P , 13C, 
170.27A1, n B , 29Si, 116Sn,119Sn, 2 0 7 P b , etc.) The above w o r k gives no f o r m u l a for the i den t i f i c a t i on 
of these e lements , it only re fe rs t o the relevant l i t e r a t u r e . Even t h e s e li terary d a t a a r e no 
more than a foo t ing , and a lo t of methodological p r o b l e m s should b e solved if these e l e m e n t s 
are to be i den t i f i ed in the l iving amples of plants . 
S t u d y on f a t t y acids a n d t h e i r components . I t was around 1958 t h a t the N M R m e t h o d 
was f i rs t app l i ed in s tudying f a t t y acids and t h e i r components (HOPKINS —BERNSTEIN 1959, 
POPLE et al. 1959, RINEHART et al. 1958). I t was a p p l i e d to f a t t y acid components by HOPKINS 
(1965). The s tud ies are based pr imar i ly on t he N M R spectroscopy of protons. T h e N M R 
f requency of t h e p ro ton (hydrogen nucleus) depends o n i ts chemical sur roundings . The r e s o n a n c e 
f requency of a hydrogen nucleus which can be cons ide red isolated is ca l led reference f r e q u e n c y . 
Such is e.g. t h e a tomic nucleus of t he hydrogen c o n t a i n e d in ch loroform. The deve lopmen t and 
measu remen t of resonance f r equenc ies deviating f r o m this as well as the i r dependence o n the 
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chemical e n v i r o n m e n t are desc r ibed a t length in t h e l i terature, w i t h amp le l i terary re fe rences 
( F L Г к 1 9 6 3 , H O P K I N S 1 9 6 5 , P O P L E et al. 1 9 5 9 , K E N N I N G 1 9 6 1 ) . 
Analys i s of mixtures. T h e N M R spec t roscopy method can a l so be used in t h e ease of 
mixtures of p a r t i a l l y hydrogen ized acids. STOREY (1960) s tudied t h e analysis of m i x t u r e s 
originating f r o m the partial hydrogeniza t ion of l inoleic acid. H i g h resolution N M R spec t ra 
of me thy les the r s of stearin, oil, l ino l and linoleic ac id fo rmed the basis of t he study. T h e m e t h y l -
esther band s e r v e d for reference, comparison was ca r r i ed out by t h e measurement of t h e area 
bellow the m a r k s . The mixture of methyles thers o r ig ina t ing from t h e linoleic acid hyd rogen ized 
gave six s i g n i f i c a n t bands, f u n c t i o n groups were presented in a t a b l e . I t can be e x p e c t e d . 
Fig. 2. P e a k - t o - p e a k ampli tude of NMR-derived m a r k of liquid non-hydrogena ted soyaoi l 
as plotted a g a i n s t the " so l id" componen t of soyao i l 
t h a t the so lu t ion of the s imul t aneous equations b a s e d on the i n t e g r a t i o n of the a reas be low 
t h e bands gives t h e construct ion of t he 8 -componen t mixture . The a u t h o r pointed o u t t h a t 
a n analysis l ike t h a t is only possible when one of t h e componen ts has a l r e a d y been d e t e r m i n e d 
w i t h some o t h e r m e t h o d . The m e a s u r e d values of t h e a r eas related t o t h e area of the r e f e r e n c e 
es ther-band did n o t quite agree w i t h t he actual p r o t o n proportion, a n d i t seems t h a t exper i -
m e n t s still h a v e t o be continued. T h e method can be successfully used w i t h mixtures of s eve ra l 
components as p r o v e d by s u b s e q u e n t researches. 
The m e t h o d of broad-line N M R spectroscopy is sui table for d e t e r m i n i n g the p r o p o r t i o n s 
of the l iqu id -"so l id" components of soyaoil and m a r g a r i n e of va ry ing hydrogéna t ion d e g r e e 
(HOPKINS 1961, POPLE et al. 1959). Propor t ions o b t a i n e d wi th NMR spec t roscopy r e p r o d u c i b l y 
agree with t h e a b s o l u t e l i qu id - " so l id" ratio, and a g r e e with the d i la tomet r ica l ly m e a s u r e d 
d a t a . Durat ion of measuring can b e reduced wi th t h e me thod , and t h i s makes it poss ib le t o 
cont ro l the h y d r o g é n a t i o n degree of soyaoil a u t o m a t i c a l l y in a c i r cu la t ion- or t u b - s y s t e m . 
Al though no e x a c t theoret ical co r re l a t ion exists b e t w e e n empiric d i l a t o m e t r y and direct p r o t o n 
mobi l i ty m e a s u r a b l e with the N M R method, a close correlat ion can st i l l be found b e t w e e n 
t h e data of the t w o me thods if t he t e m p e r a t u r e d e p e n d e n c e of NMR is t a k e n into cons idera t ion . 
T h e method is q u i c k , not des t ruc t ive a n d the shor tes t possible t ime is r e q u i r e d for the s a m p l e s 
t o be prepared. T h e relationship b e t w e e n the " s o l i d " componen t of soyao i l and the v a l u e of 
N M R is shown b y F i g . 2. 
Study of p e p t i d s and amino ac ids . SIEVERS et al. (1969) r epor t ed o n a very i n t e r e s t i n g 
a n d impor tan t m e t h o d suitable f o r analysing p e p t i d a n d amino acid m i x t u r e s . This m e t h o d 
is based on t he N M R spectrum of t h e 1 9 F atomic n u c l e u s measured in t h e fo rm of t r i f l uo r ine -
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acetyl (TFA) or o ther f luor ine con ta in ing pept id a n d amino acid de r iva t i ve s . I t has a l r e a d y 
been publ i shed t h a t the N M R of f luor ine is su i tab le fo r quan t i t a t ive ly analyzing m e t a l s such 
as t he t r i - f luor ine-ace ty l -ace tone(TFAA)-chela te de r iva t ives . A l though t h e proton r e s o n a n c e 
spectra of Zr( IV) T F A A , and Hf( IV) T F A A are essen t ia l ly similar in ch lo ro fo rm, f luor ine p e a k s 
are easily s epa ra t ed (0.23 p p m ) a n d used in the q u a n t i t a t i v e ana lys is of Zr and Hf . I t is a 
well k n o w n f a c t t h a t the chemical sh i f t ing of f l u o r i n e is somewhat m o r e sensitive t o s l igh 
val-vol. glyc-alan. 
phenyl - a . 
alan 
glyc. 
glyc-leuc. 
A 
0,5 ppm 0,3 0,7 ppm 
Fig. 3. N M R spec t rum of the 19-F a tomic nucleus of valine-L-valine, L-phenyl-a la ine , glycine-
L-leucine a n d glycine-L-alanine N - T F A - d e r i v a t i v e . Upper f igure: N M R spec t rum of the 
19-F a tomic nucleus of 11 mg L-leucine, 14 mg L-a l an ine and 6 m g glycine N-TFA-der iva t ive 
changes in ton ing t h a n t h a t of the p ro ton . Expe r i ences gained with t h e f luor ine NMR of s imilar 
ex t r eme meta l -che la tes led the a u t h o r s to the idea t h a t this m e t h o d m a y be likewise su i tab le 
for de tec t ing slight differences in t h e chemical ly a n d s t ructural ly h i g h l y similar p e p t i d e and 
amino acids. T h e y took down the N M R spectra of N - T F A der iva t ives of amino acids a n d pep-
t ide p r e p a r e d accordingly, as seen in Fig. 3 . T h e y show tha t nuclei con ta in ing f luor ine ref lect 
the slight d i f ferences in s t ruc tu re in t he r e sonance peaks of those T F A groups w h i c h are in 
the charac te r i s t ic position. I t m u s t be no ted t h a t t h e chemical s h i f t i n g of N-TFA r e f l e c t s the 
differences of no t only those amino acids to w h i c h the N-TFA g r o u p is directly a t t a c h e d , 
bu t is in f luenced b y the o ther amino acid too. 
Compared to the t echn iques of gas ch romatograph ic a n d m a s s spect rometr ic amino 
acid analys is t he me thod has a g rea t a d v a n t a g e , n a m e l y tha t t he c o m p o n e n t s need n o t be in 
a volat i le fo rm, so long pept ide can also be ana lyzed w i t h this t e chn ique . Fu r the r r e su l t s showed 
t h a t es ther i f ica t ion is unnecessary . T h e chemical sh i f t of N - T F A glycine is i n d e p e n d e n t of 
the concen t r a t ion in a range be tween 2 and 30 w e i g h t percentage, i n ace tone solvent . A great 
a d v a n t a g e of t he technique is t h a t i t is m u c h qu i cke r t h a n the earl ier techniques . T h e s p e c t r u m 
is t a k e n in minu tes , while t he Stein-Moore l i qu id ch romatograph ic method r e q u i r e s hours 
for t he sepa ra t ion and analysis , a n d even the m u c h quicker gas c h r o m a t o g r a p h i c t e c h n i q u e 
requires a b o u t one hour for t he ana lys is a f te r t h e der ivat ive has b e e n produced. N - T F A deri-
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vat ives can be eas i ly produced a n d t h e r e is a poss ib i l i ty of a u t o m a t i z i n g the whole p rocess of 
analysis . 
Causes of changes occur r ing in the NMR s p e c t r u m of p o l y p e p t i d s were s t u d i e d b y 
BRADBURY et al. (1968). They s t u d i e d the s t ruc tu ra l t r ans fo rma t ion of t h e spiral coil. CRESPI 
et al. (1968) e x a m i n e d the p r o t o n N M R of to t a l ly deuterized p r o t e i n s with the e x c e p t i o n 
of t he Hl-lucine side-chain. The s t r u c t u r e of a p y r i m i d i n e amino acid of pea was s tud ied w i t h 
ate (2) 
v a r i o u s methods inc lud ing the N M R technique by BROWN — MANGAT (1969) . They f o u n d t h a t 
t h e amino acid w a s /3-(a ,6-dihydroxypyrimidine- l - i l ) a lanine , and — no twi th s t and ing ear l ie r 
f i n d i n g s — occur red i n a free s t a t e . 
Carotinoids a n d plant p r o t e c t i v e s . HOPKINS (1965) mentions t h e N M R spectroscopy of 
Carotinoids. The necessa ry a m o u n t of mate r ia l is 1 —10 mg . 
The t e c h n i q u e was first a p p l i e d systemat ical ly f o r Carotinoids b y BARBER et al. (1960) 
w h o examined t h e m e t h y l groups of 64 Carotinoids. Chlorophyll was s t u d i e d by KATZ et al. 
(1966) with in f r a - r ed a n d NMR m e t h o d s . The organic phosphorus c o n t e n t of plant p r o t e c t i v e s 
w a s examined b y KEITH et al. (1968) w i t h high r e so lu t ion NMR spec t roscopy . NMR s p e c t r a 
of 100 MHz were de t e rmined for 40 compounds . T h e y f o u n d a cor re la t ion between m o l e c u l a r 
s t r u c t u r e and s p e c t r a . CALLIS et al. (1956) dealt wi th p h o s p h o r u s — o x y a c i d identif icat ions a n d 
d e t e r m i n e d the c h e m i c a l shift of v a r i o u s phosphate a n i o n s . 
Water c o n t e n t de te rmina t ion . T h e NMR t e c h n i q u e which h a d b e e n primarily e v o l v e d 
f o r t h e purpose of chemical ana ly se s involved wa te r c o n t e n t d e t e r m i n a t i o n s in the case of 
m a n y substances a n d products. I n agr icul ture a n d f a t product ion, e t c . the conven t iona l 
m e t h o d of water c o n t e n t de t e rmina t i on is often t ime-consuming and unsa t i s f ac to ry for o t h e r 
r e a s o n s too. The N M R method app l i ed t o water con ten t de te rmina t ion w a s gradual ly deve loped 
b y SHAW (1950) a n d others. The m e t h o d is based on t h e fact t ha t in c e r t a i n substances t h e 
w a t e r molecules a r e relatively m o r e mobi l e compared t o those c o n t a i n i n g a lot of h y d r o g e n 
b o n d s , as e.g. c r y s t a l s , amorphous so l ids or solutions of high viscosity. Therefore the p r o t o n 
r e s o n a n c e of such s y s t e m s looks like a l a r g e broad m a r k superposed b y a n a r r o w one o r ig ina t ing 
f r o m absorbed w a t e r . This is shown schematical ly b y F i g . 4. This f i g u r e resembles the f o r m 
in w h i c h the p r o t o n N M R appears i n t h e analysis of oil content . The u p p e r curve shows t h e 
a b s o r p t i o n curve. I n m o s t cases t he l i n e of the absorbed w a t e r is two or t h r e e times as wide as 
t h a t of clear wa te r . S ince the lines of t h e other s u b s t a n c e s are ten- t o h u n d r e d times w i d e r , 
t h e in tens i ty of t h e m a r k of wa t e r c a n be used in t h e quan t i t a t i ve m e a s u r e m e n t s of w a t e r 
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Contents . In pract ice i t is very c o m f o r t a b l e to use the de r ived curve and m e a s u r e i ts peak-to-
p e a k ampl i tude . Such a typ ica l cu rve is shown by Fig. 4/2. The NMR t e c h n i q u e is q u i c k , 
n o t des t ruct ive , a n d c a n be a u t o m a t i c a l l y controlled b y t h e results, in t h e f o r m of electric 
signs, e.g. drying and mix ing . The m e t h o d is no t forced, i t i s of e lementary d imens ion , and can 
be appl ied to a wide r a n g e of subs tances w i t h water c o n t e n t s v a r y i n g from a f e w to 100 p e r c e n t . 
m -—VW-, w ! 
- 3 4 0 + 3 4 
Fig. 5. NMR s p e c t r u m of the 14-N a t o m i c nucleus of m e t h y l - a m m o n i u m - c h l o r i d e in an ac id ic 
wa t e r medium 
I n case of a precise pe r fo rmance d e v i a t i o n is 0.1 pe rcen t or less. Absolu te exactness is o f t e n 
b e t t e r t h a n with t h e ca l ibra t ion cu rve . In order to reduce s amp l ing errors a n d ob t a in suff ic ient ly 
large marks , samples of re lat ively la rge volume (40 cm 3 ) a re used. 
Oil content de t e rmina t ion . HOPKINS (1965) wr i t e s a b o u t de t e rmin ing the oil c o n t e n t 
of oilseeds seed by seed wi th the b road- l ine NMR m e t h o d appl ied. A t e c h n i q u e similar to t h a t 
used for the wa t e r c o n t e n t d e t e r m i n a t i o n of "so l ids" w a s developed b y CONWAY—EARLE 
(1964) for the d e t e r m i n a t i o n of oil c o n t e n t in in tac t seeds . This m e t h o d requires the t o t a l 
r emova l of the w a t e r c o n t e n t f r o m t h e seeds (by dry ing f o r 16 — 60 hours a t 50° C) prior to t h e 
N M R spect rum be ing t a k e n . The t o t a l hydrogen c o n t e n t of oil is p ropor t iona l wi th the a m p l i -
t u d e of the NMR m a r k . The shape of t h e mark is s imilar t o t h e curve seen i n Fig. 4. The s h a p e 
of t he mark is i n f l u e n c e d by t he composi t ion , s a t u r a t i o n of the oil a n d t h e amount of ox i -
genized acids. " B o u n d " hydrogen w h i c h is not in t he oil does not cause t roub le . The a u t h o r s 
ca lcula ted the h y d r o g e n content of oils fo r many seeds b y using the earl ier de termined c o m p o -
sition of f a t t y ac ids in t he respect ive seeds. The resu l t s showed tha t oil c o n t e n t s d e t e r m i n e d 
wi th the N M R - t e c h n i q u e cor responded to those d e t e r m i n e d with t r a d i t i o n a l methods. 
De te rmina t ion of ni t rogen compounds . The sp in of t he 14N i s o t o p of 96.635 p e r c e n t 
n a t u r a l f requency is I = 1, while t h a t of 15N which h a s a na tu ra l f r e q u e n c y of 0.365 p e r c e n t 
is 1 = 1/2. Bo th a re used when chemica l problems a re inves t iga ted . T h e chemica l shift of 1 4 N 
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w a s f i r s t o b s e r v e d b y P R O C T O R — Y U ( 1 9 5 1 ) , l a t e r b y M A S U D A — K A N D A ( 1 9 5 3 ) a n d H O L D E R -
KLEIN (1955 ) , wi th N 0 3 u s e d as a s t a n d a r d . T h e N M R m a r k s of 1 4N are v e r y b r o a d due to 
t he e l ec t r i c q u a d r u p o l e m o m e n t u m . Since t h e electr ic q u a d r u p o l e r e l axa t ion d e p e n d s on the 
electric f i e l d g rad ien t in a n inve r se ra t io t o t h e cube of t h e d i s t a n c e , the b r o a d e n i n g of the 
N M R m a r k caused by i t is h i g h l y react ive t o t h e chemical f o r m of 1 4 N. E.g. t h e r e is a d i f ference 
in t h e w i d t h of the N M R - m a r k between t h e 1 4 N of dry a m m o n i a a n d t h a t of N H , . A similar 
p h e n o m e n o n can be seen i n F i g . 5. 
W e h a v e given a b r i e f s u r v e y on t h e a p p l i c a b i l i t y of N M R spec t roscopy in a g r i c u l t u r a l 
r e sea rch w o r k . The l i t e r a ry d a t a u n e q u i v o c a l l y show t h a t t h e r e a r e f ie lds whe re i t c a n be used 
as a s u p p l e m e n t a r y t e c h n i q u e beside t h e t r a d i t i o n a l m e t h o d s , a n d there a r e s p e c i a l fields 
— e.g. t h e d e t e r m i n a t i o n of oil con ten t in s e e d s — where i t is t h e only m e t h o d t h a t can be 
used. 
* 
P r e p a r e d by the R e s e a r c h I n s t i t u t e f o r F o d d e r P r o d u c t i o n , I regszemcse 
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P H Y S I O L O G I C A L S T U D Y O N T H E E F F E C T O F C O L C H I C I N E 
O N F L A X G R O W T H A N D D E V E L O P M E N T V A R I E T Y GIZA 4 
I n t h e p r e s e n t p a p e r s o m e d a t a a re p r e s e n t e d a b o u t t h e e f f e c t of c o l c h i c i n e on the 
g r o w t h a n d d e v e l o p m e n t of f l a x . 
T h e e x p e r i m e n t s w e r e c a r r i e d ou t in p o t s , 40 cm d i a m e t e r , in a wire p roof g reen-house 
a t Giza R e s e a r c h S t a t i on d u r i n g t h e success ive seasons of 1969 a n d 1970. Ten t r e a t m e n t s with 
f o u r r e p l i c a t i o n s for each t r e a t m e n t were p r e p a r e d . E a c h p o t c o n t a i n e d 11 k g o f l o a m y soil 
t o w h i c h w a s a d d e d 5.5 g of s u p e r p h o s p h a t e , 3 g of a m m o n i u m n i t r a t e and 2.5 g p o t a s s i u m 
ch lo r ide b e f o r e sowing. 
30 — 35 f l a x p l a n t s ( v a r . Giza 4) were s p r a y e d a t g r o w i n g , g rowing a n d f l o w e r i n g and 
a t g r o w i n g f lower ing a n d f r u i t i n g s tages w i t h 250 m l of 50. 100 a n d 2 0 0 p p m co lch i c ine solution 
( S a n d o z ) m i x e d w i th 0 . 0 5 % d e t e r h o n as a s p r e a d e r . 
S p r a y i n g a t growing s t a g e s w i th 
S p r a y i n g a t growing a n d f lower ing 
s t a g e s w i t h 
S p r a y i n g a t g rowing f l o w e r i n g and 
f r u i t i n g s tages w i t h 
50 p p m 
100 p p m 
200 p p m 
50 p p m 
100 p p m 
200 p p m 
50 p p m 
100 p p m 
200 p p m 
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The length of t h e plants as wel l as other pheno log ica l factors w e r e determined in b o t h 
t r e a t e d and con t ro l p l a n t s during t h e growing, f lower ing , frui t ing a n d m a t u r i t y stages. T h e 
y i e l d and oil c o n t e n t of the seeds (Sohkse le t modif ied b y FAHMY 1970) were also e s t ima ted . 
D a t a were s t a t i s t i ca l ly analysed. 
Effect on p l a n t length. The co lch ic ine applied a t t h e growing s t a g e increased the p l a n t 
l e n g t h by about 12 — 1 8 % . The s a m e app l ied at the p e r i o d of flowering a n d frui t ing, however , 
i n h i b i t e d it (Table 1). T h e results w e r e less significant. 
Effect on y i e ld . Table 2 shows t h a t spraying f l a x once at the g r o w i n g stage or tw ice 
a t growing and f l o w e r i n g stages w i t h 100 and 200 p p m concent ra t ions of colchicine, increased 
t h e n u m b e r of b r a n c h e s and the w e i g h t of the frui ts . 
No effect of t h e colchicine t r e a t m e n t could be obse rved on t he p l a n t weight. 
As a result of colchicine t r e a t m e n t a decrease b o t h in the weight of 1000 seeds a n d in 
t h e oil content of seeds could also b e observed. 
Prepared b y t h e Physiology a n d Crop Nutr i t ion D e p a r t m e n t , M i n i s t r y of Agricul ture, 
FAHMY, R. (1970): A quick method f o r oi l and fat d e t e r m i n a t i o n in seeds. S o m e methods used 
for organic c o m p o u n d d e t e r m i n a t i o n in plant t i s sues and seeds. M i n i s t r y of Agriculture. 
* 
G i z a , Orman 
R . F A H M Y 
R E F E R E N C E 
Table 1 
The effect of colchicine on the plant length 
Treatments, 
period of measur ing 
A f t e r 
1st spray-
Growing I A f t e r Flowering A f t e r 
stage i 2nd s p r a y i stage \ 3 r d spray 
Maturi ty 
stage 
Control 30 + 1.3 42 ± 2.0 60 ± 3.0 64 ± 3.0 67 ± 3.0 69 + 3.0 
O n e t i m e spray witii 
50 ppm 
100 ppm 
200 ppm 
35 ± 1.5 48 ± 2.0 58 ± 2.4 62 ± 3.0 66 ± 3.0 70 ± 3.1 
36 ± 1.3 50 ± 2.4 60 ± 3.0 65 ± 3.0 69 ± 2.7 73 ± 3.1 
37 ± 1.3 50 ± 2 . 2 61 ± 3.0 65 ± 3.0 68 ± 3.0 71 ± 3.1 
T w o t imes spray w i t h 
50 ppm 
100 ppm 
200 ppm 
36 ± 1.5 46 ± 2.2 58 ± 2.4 63 ± 2.7 67 ± 3.1 71 ± 3.0 
37 ± 1.5 48 ± 2.2 58 ± 2.4 62 ± 2.7 66 ± 3.1 70 ± 3.0 
37 ± 1.6 46 ± 2.4 60 ± 3.0 65 ± 3 . 0 71 ± 3.0 72 ± 2.7 
T h r e e t imes spray w i t h 
50 ppm 
100 ppm 
200 ppm 
39 ± 1.7 45 ± 2.4 55 ± 2.0 59 ± 3.0 63 ± 3.2 66 + 3.1 
38 ± 1.7 45 ± 2.4 58 ± 2.0 61 ± 2.7 66 ± 3.2 69 ± 2.7 
39 ± 1.8 46 ± 2.2 55 ± 2.7 59 ± 2.3 64 ± 3.0 69 ± 3.1 
-1 da Agronomica Academiae Scientiarum Hungaricae 20, 1971 
V A R I A 4 1 1 
T a b l e 2 
The effect of Colchicine on the plant-weight and on the °/o °f г he seeds 
T r e a t m e n t 
N u m b e r 
of branches 
W e i g h t of 10 
p l a n t s 
(wi thou t f ru i ts ) 
g 
Weight 
of f ru i t s 
(10 plants) 
g 
Absolute weight 
of 1000 seeds 
g 
% of oil 
in seeds 
Control 2 8.0 3.5 6.52 33.5 
One t ime spray with 
50 p p m 3 7.0 3.5 6.25 33.0 
100 p p m 5 8.0 3.0 7.37 33.0 
200 p p m 6 12.0 6.0 6.36 32.0 
Two t imes spray with 
50 p p m 4 10.0 4.0 6.56 32.5 
100 p p m 7 9.0 5.0 5.70 32.0 
200 p p m 9 1 1 . 0 5.0 5.80 31.5 
Three t imes spray with 
50 p p m 4 9.0 4.0 6.26 32.5 
100 p p m 6 9.0 5.0 5.73 30.5 
200 p p m 9 10.0 5.0 5.63 30.5 
LSD sprays 
5 % — — 
1 % — — 
LSD concentrat ion 
5 % — 1.63 
1 % — 2.20 
LSD sp ray Xconcen 
5 % 2.65 0.94 
1 % 3.56 1.26 
S T U D Y OF W H E A T V A R I E T I E S G R O W N W I T H D I F F E R E N T S P A C I N G 
M a n y exper iments a imed at d e t e r m i n i n g the seed-grain requ i rement of w h e a t have been 
car r ied o u t all over t h e wor ld . Seed-grain op t ima of w h e a t var ie t ies have b e e n determined 
u n d e r va r ious climatic a n d ecological cond i t i ons . 
Many authors a r e of t h e opinion t h a t whea t varieties h a v e special spac ing requi rements . 
Th i s opinion is, however , ha rd ly — if a t all — supported b y exper imenta l d a t a . According to 
LUKYANENKO (1967) spac ing r equ i r emen t s r ange between v e r y wide l imits. " G e r m numbers 
of va r i e t i e s resulted i n n o significant g r a i n yield d i f fe rences ei ther in t h e ind iv idua l crop 
y e a r s or on the average of t h e years e x a m i n e d " (KOLTAY 1966). 
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FRIDECZKY ( 1 9 3 9 ) a n d FOUSSARD ( 1 9 6 1 ) a r e of t h e o p i n i o n t h a t t h e r e q u i r e d a m o u n t 
of seedgra in can be cons iderably r e d u c e d b y the u t i l i za t ion of stooling. 
I n e x p e r i m e n t s p e r f o r m e d b y P O S G A Y ( 1 9 6 1 ) a n d G O G T I N — N O V A K ( 1 9 6 1 ) w i t h t h e 
v a r i e t i e s Bánkút i 1201 a n d San P a s t o r e respectively, t oo dense sowing r e s u l t e d in reduced 
y i e ld s . 
I n our e x p e r i m e n t s we studied t h e following ques t ions f r o m a breeding —methodological 
p o i n t of view. 
— Wha t is t h e response given b y different ly s tool ing varieties to spac ing , have t h e y 
any special r eac t ion to s p a c i n g ? 
— To what e x t e n t can the r e l a t i o n of p roduc t iv i ty t o spacing be e v a l u a t e d ? 
The following va r i e t i e s were u s e d in our exper imen t s : 
poorly stooling: Besos t aya 1 
Szk 3 X P r o d u t t o r e 6 ( s t r a in ) 
intensively s too l ing : Fe r tőd i 293 
M i r o n o v s k a y a 808 
F l e i s c h m a n n 481 
Unl ike the m e t h o d s of agroteehnica l t r ia ls the var ie t ies were studied a t spacings ranging 
b e t w e e n very wide l imi t s . They were: 
1. 800 grains/m2 = 1 0 x 1 . 2 5 cm row- a n d plant d i s tance 
2. 400 „ = 1 0 x 2 . 5 cm 
3. 200 „ = 1 0 X 5 . 0 cm 
4. 67 „ = 1 0 X 1 5 . 0 cm 
T h e exper iments were carried o u t a t Mar tonvásár in 1.2 m2 plots of f e r t i l e soil, wi th 
f i ve repl icat ions , be tween 1965 and 1967. E a c h year the g ra ins were sown in O c t o b e r , between 
20th a n d 25th. 
Crop results o b t a i n e d each year a n d t he i r means are s h o w n in Table 1. 
B y summing u p t h e results of t he t h r e e years ' e x p e r i m e n t we found a special response 
to s p a c i n g , according t o w h i c h Besostaya 1, F e r t ő d i 293 a n d Szk 3 X Prod. 6 c o u l d be classified 
i n to t h e same group. T h e s e variet ies g a v e t h e highest y ie lds w i t h the closest spac ing . When 
sown a t a spacing specified u n d e r 2, the i r y i e lds were p ropor t i ona l ly lower; t h e y gave the same 
r e s p o n s e t o the reduced a m o u n t of seed-gra in . 
W i t h the third spac ing , however, — w h i c h means half t h e usual a m o u n t of seed-grain — 
t h e y s h o w different t r e n d s . Yields of B e s o s t a y a 1 and Szk 3 X P rod . 6 decreased t o 84.2 and 
80.7 p e r c e n t respect ively, while t ha t of F e r t ő d i 293 only t o 90.2 when c o m p a r e d to yields 
o b t a i n e d w i t h the closest spacing. The l a t t e r was, thus, m o r e able to m a k e u s e of a wider 
spac ing . Th i s phenomenon shows the h igh p las t i c i ty of t he v a r i e t y . 
T h e second group inc ludes M i r o n o v s k a y a 808 which gives t h e highest y ie ld a t spacing 2, 
w i t h 400 grains/m2 sown. T h e closest spac ing caused a s ign i f ican t yield decrease i n th i s variety, 
while spac ing 3 resulted in a yield similar t o t h a t obta ined w i t h spacing 1; i t s reaction to 
any f u r t h e r increase in spac ing was the l o w e s t of ail variet ies examined . 
Response given b y t h e var ie ty F l e i s c h m a n n 481 t o spac ing was s imi la r t o t ha t of 
M i r o n o v s k a y a 808. In t w o of the three y e a r s i t gave lower y ie lds with t he c loses t spacing 
t h a n w i t h spacing 2. T h o u g h t he extent of i t s yield decrease w a s no t as great as t h a t in Miro-
n o v s k a y a 808, it was of a s imilar type. I t s r esponse given t o a n y fu r the r i nc rease in spacing 
was a lso t h e same as t h a t of Mironovskaya 808. 
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Table 1 
Yield results of spacing experiments, 1965 — 67 
Var ie ty Spac ing 
Yie ld dkg 
Mean % 
1965 1966 1967 
Besostaya 1 10X1.25 72.6 57.7 51.2 60.5 100.0 
1 0 x 2 . 5 66.6 59.0 46.2 57.2 94.5 
1 0 x 5 62.2 52.5 38.4 51.0 84.2 
1 0 x 1 5 37.4 32.9 23.8 31.3 51.7 
Fertődi 293 1 0 x 1 . 2 5 81.0 61.0 43.2 61.7 100.0 
1 0 x 2 . 5 73.4 62.0 34.0 56.4 91.4 
1 0 x 5 70.2 60.7 36.4 55.7 90.2 
1 0 x 1 5 46.8 39.0 24.0 36.6 59.3 
Mironovskaya 808 1 0 x 1 . 2 5 52.6 46.7 46.6 48.6 100.0 
1 0 x 2 . 5 54.4 64.8 46.6 55.2 113.5 
1 0 x 5 57.0 49.2 38.0 48.0 98.7 
10X 15 39.6 41.8 23.6 35.0 72.0 
Szk. X Prod. 6 1 0 x 1 . 2 5 59.6 61.8 53.6 58.3 100.0 
1 0 x 2 . 5 59.0 59.8 41.0 53.2 91.2 
1 0 x 5 56.4 54.3 30.6 47.1 80.7 
10X 15 39.4 31.7 18.0 29.7 50.9 
F. 481 l O x 1.25 74.4 55.8 37.4 55.8 100.0 
1 0 x 2 . 5 69.4 57.5 41.8 56.2 100.7 
1 0 x 5 66.0 55.1 35.8 52.3 93.7 
1 0 x 1 5 42.4 38.5 25.4 35.4 63.4 
LSD 5% 3.4 3.3 2.0 2.9 
1% 4.5 4.3 2.6 3.8 
Thus, d a t a obtained show t h a t wheat va r ie t i e s give specific responses to spac ing 
Too close spacing causes yield decreases in the intensively stooling varieties. According to 
da ta obtained in 1966, with 800 grains sown per m 2 a n y of the va r ie t i e s examined m a y h a v e 
lower yields unde r too favourab le climatic and agrotechnieal condi t ions . This p h e n o m e n o n 
can be observed, however, wi th too close or too wide spacing only. 
If we look a t the response given to spacing f r o m the point of v iew of breeding, w e f ind 
t h a t with t he closest spacing i t is t he poorly s tool ing varieties, whi le wi th wider spac ing the 
intensively stooling ones t h a t are superior. On t h e three years a v e r a g e spacing c a u s e d no 
significant changes in the order of succession of t h e varieties. Grea t differences were f o u n d , 
however, be tween the individual crop years, as shown by the d a t a of Fertődi 293 o b t a i n e d 
in 1965 and 1967 (Table 2). 
In the order of succession determined on t h e basis of t he t h r ee years e x p e r i m e n t s 
compared wi th t h a t found each year , spacing a t 10 X 5 cm shows t h e highest s imilar i ty (200 
grains/m2). (The order of succession in the sepa ra t e years indicates an interaction of geno-
type X year too.) This spacing, on the other h a n d , corresponds on t h e three years ave rage 
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Table 2 
Order of succession of varieties with different spacings 
Spacing Order Var ie ty 
Yield in 1965 
% Var ie ty 
Yield in 1966 
% Var ie ty 
Yield in 1967 
% Var ie ty 
Average yield 
а/ 
/о 
1 F 293 100 F 293 100 Szk X Prod 100 F 293 100 
2 F 481 92 Szk X Prod 100 Bez. 1 96 Bez. 1 98 
1 0 x 1 . 2 5 3 Bez. 1 90 Bez. 1 92 Mir. 808 87 Szk X Prod 94 
4 Szk X Prod 73 F 481 90 F 293 81 F 481 90 
5 Mir. 808 65 Mir. 808 76 F 481 66 Mir. 808 79 
1 F 293 100 Mir. 808 100 Mir. 808 100 Bez. 1 100 
2 F 481 94 F 293 97 Bez. 1 100 F 293 99 
1 0 x 2 . 5 3 Bez. 1 91 Szk X Prod 94 F 281 91 F 481 98 
4 Szk X Prod 80 Bez. 1 92 Szk X Prod 89 Mir. 808 97 
5 Mir. 808 74 F 481 89 F 293 74 Szk X Prod 93 
1 F 293 100 F 293 100 Bez. 1 100 F 293 100 
2 F 481 90 F 481 90 Mir. 808 100 F 481 93 
1 0 x 5 3 Bez. 1 89 Bez. 1 88 F 293 95 Bez. 1 90 
4 Mir. 808 81 Szk X Prod 87 F 481 95 Mir. 808 85 
5 Szk X Prod 80 Mir. 808 80 Szk X Prod 79 Szk X Prod 84 
1 F 293 100 Mir. 808 100 F 481 100 F 293 100 
2 F 481 90 F 293 95 F 293 96 F 481 97 
10X15 3 Mir. 808 85 F 481 93 Bez. 1 88 Mir. 808 96 
4 Szk X Prod 84 Bez. 1 80 Mir. 808 80 Bez. 1 86 
5 Bez. 1 80 Szk X Prod 7L Szk X Prod 72 Szk X Prod 81 
VARIA 4 1 5 
t o t h e spac ing of 1 0 x 2 . 5 cm (400 g r a i n s / m 2 ) , only B e s o s t a y a 1 changes i t s p l ace . At a s p a c i n g 
of 1 0 x 2 . 5 c m d i f f e r e n c e s be tween t h e va r i e t i e s were l ower . 
To s u m u p , in smal l p lot (1.2 m 2 ) e x p e r i m e n t s c a r r i e d oil for several y e a r s , wi th a s p a c i n g 
of 1 0 x 5 c m a n d u n d e r f a v o u r a b l e a g r o t e c h n i c a l c o n d i t i o n s , the p r o d u c t i v i t y of var ie t i es o r 
s t r a i n s c a n b e p rec i se ly d e t e r m i n e d w i t h p rac t i ca l ly ha l f t he usual a m o u n t of s eed -g ra in . 
T h u s t h e m e t h o d c a n b e e f f ic ien t ly u s e d in whea t b r e e d i n g . 
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E V A P O T R A N S P I R A T I O N , E V A P O R A T I O N A N D T R A N S P I R A T I O N 
O F R I C E C U L T U R E 
T h e s t u d y w a s c o n d u c t e d d u r i n g t h e yea r s 1968 a n d 1969, a t t h e S t a t e Farín, M e z ő t ú r , 
a typ ica l r ice g r o w i n g area of t h e H u n g a r i a n Grea t P l a i n . T h e e q u i p m e n t s u sed were g a l v a n i z e d 
i ron t a n k s h a v i n g a n area of 2500 s q . c m s . The t a n k s w e r e embedded i n t h e centre of t h e r ice 
f ie ld a t t w o w a t e r d e p t h s , t h a t is 5 a n d 20 cms b locks , rep l ica ted 4 t i m e s each . One t a n k wa> 
also k e p t w i t h o u t g rowing a n y p l a n t s . E T was m e a s u r e d daily u s ing t h e Hén i -Tó th g a u g e . 
T h e d i f f e rence b e t w e e n t he t w o w a s t r e a t e d as t r a n s p i r a t i o n . 
T h e a m o u n t of w a t e r lost b y va r ious m e a n s d u r i n g the rice g r o w i n g season a t 5 a n d 
20 cms w a t e r d e p t h s is p r e s e n t e d in T a b l e 1. 
I t is o b s e r v e d t h a t t he t o t a l E T var ies d e p e n d i n g u p o n the d e p t h of wa te r . The t e n d e n e y 
fo r t h e E T t o b e g r e a t e r du r ing t h e y e a r 1969 r e f l e c t s u p o n the s l ight ly l o n g e r i r r igat ion p e r i o d 
a n d E T r a t e s . D i r e c t a d o p t i o n of s ea sona l R T fo r r i ce shou ld only be m a d e for similar c l i m a t i c 
zones, in w h i c h p l a n t i n g a n d m a t u r i t y da tes are s i m i l a r . This c lear ly i l l u s t r a t e s the i n f l u e n c e 
of t h e d u r a t i o n of a growing sea son on t he t o t a l E T f o r rice. 
T r a n s p i r a t i o n is only a b o u t one - th i rd of t h e E T . Var ia t ion is c o m p a r a t i v e l y m o r e for 
e v a p o r a t i o n losses t h a n by t r a n s p i r a t i o n . 
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V a r i a t i o n in daily E T , E and T dur ing t h e rice growing per iods are shown in Fig. 1. 
The t r ends of changes are t h e s a m e at bo th t h e w a t e r depths. T h e amoun t t r an sp i r ed b y the 
leaves is s m a l l immediately a f t e r flooding, b e c o m e s larger t o w a r d s tillering, a n d r eaches the 
peak a t a b o u t the heading a n d flowering s t ages , and then dec reases gradually d u r i n g the 
ripening s t age . The amount of E from the w a t e r surface of t he r i ce field is m a x i m u m at the 
Table 1 
The amount of water lost by various means during the rice growing season 
I t em 
1168 1969 
5 c m s 20 cms 5 cms 20 cms 
Irrigation pe r iod (Days)  99 99 107 107 
Total E T ( m m s )  488 521 560 594 
Transpirat ion T (mms)  130 151 120 119 
Evaporat ion F. (mms)  357 370 440 475 
Average dai ly E T (mms)  4.9 5.3 5.2 5.6 
„ „ T (mms)  1.3 1.5 1.1 1.2 
„ „ E (mms)  3.6 3.7 4.1 4.4 
T in percentage  27 29 21 22 
E „ 73 71 79 78 
Fig. 1. V a r i a t i o n in daily E T , E and T (1968) 
t i m e of the b e g i n n i n g of f looding , b u t decreases w i t h the growth of s ta lk and r eaches t he 
min imum d u r i n g t h e later s tages , du r ing which t h e f i e ld is fully c o v e r e d by the crops. T h u s 
t he r e is an o p p o s i n g relation b e t w e e n due to the m u l c h action of t h e p l a n t itself, E f r o m the 
wa t e r surface a n d t ranspi ra t ion . T h e var iat ion in E T is influenced b y t h e evaporat ive d e m a n d , 
r a t h e r than b y t h e growing stage of t h e rice crop. P e a k E T rates r e p o r t e d a t the time of f l ower -
ing appear to be more of an as soc ia t ion between t h e energy supply a n d the leaf cover a t t h e 
t ime , than a d i r e c t physiological e f f ec t on water t r a n s p o r t wi thin t h e plant . This is qu i t e 
ev ident in Fig. 1. T h e rate of E T d u r i n g the f lower ing stage of rice, f o r example , m a y be on ly 
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very small, if th i s stage occurs in May but m a y b e high if it occurs i n Ju ly . This d i f f e r e n c e 
is not due t o t h e charac te r iza t ion of the crops, b u t is primarily d u e t o the di f ference i n the 
evapora t ive d e m a n d during t h e g rowth stage. Al l differences in E T r a t e s reported (PETRASO-
VITS 1957) should be considered in this respect . 
R e l a t i o n between t r a n s p i r a t i o n and p l a n t f ac to r s . Relat ion b e t w e e n the t r a n s p i r a t i o n 
a m o u n t a n d t h e leaf area i n d e x is shown in F ig . 2. 
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Fig. 2. The re la t ion between leaf a r ea index and t r ansp i ra t ion 
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Fig. 3. Seasonal changes of relative t r a n s p i r a t i o n 
I t is observed t h a t t h e t ransp i ra t ion a m o u n t generally increases wi th t h e increase 
of the leaf a rea index. B u t i t does not increase a f t e r the green c o v e r formation a n d flowering. 
Therefore i t can be said t h a t t h e t r ansp i ra t ion a m o u n t is m a i n l y dominated b y t h e leaf area 
among t h e crop factors be fo re green cover f o r m a t i o n and is a f f e c t e d mainly b y t h e meteor-
ological f ac to r s af ter the g reen cover f o r m a t i o n . 
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The s e a s o n a l changes of r e l a t i v e t r ansp i ra t ion c u r v e (in which t h e t r ansp i r a t ion a m o u n t 
is d iv ided by " A " p a n evapora t ion t o avo id the e f fec t s of c l imatic f a c to r s ) a r e depicted in F ig . 3. 
I t is observed t h a t T / E rat io g r a d u a l l y increases as t h e p l a n t s grow, h u t dec reases a l i t t le b e f o r e 
heading , and t h e n fa l l s consp icuous ly . This t e n d e n c y is m o r e or less o b v i o u s during b o t h t h e 
y e a r s as has been r e p o r t e d in the l i t e r a t u r e (ICHIRO et al. 1967). Thus t h e r e l a t i ve t r a n s p i r a t i o n 
c u r v e figures a b i m o d e l curve. 
Fig. 4. A v i e w of the t a n k s s e t in the rice f i e ld t o measure é v a p o t r a n s p i r a t i o n 
In this c o n n e c t i o n , it may a l so b e ment ioned t h a t wa te r loss f r o m t h e water s u r f a c e 
c o v e r e d with rice p l a n t s , consists of t r a n s p i r a t i o n f r o m p l a n t s and e v a p o r a t i o n f rom the w a t e r 
s u r f a c e . This c o m b i n e d loss is cal led E T . E v a p o r a t i o n f r o m the w a t e r s u r f a c e with p l a n t s 
m i n u s evapora t ion f r o m the water s u r f a c e wi thout p l a n t s is not e q u i v a l e n t t o t r an sp i r a t i on 
a s such . The s h a d i n g e f fec t of the f o l i a g e of the p l a n t s h e l p s to cover t h e w a t e r surface, a n d 
h e n c e less a m o u n t of evapora t ion o c c u r s . S u b s e q u e n t l y t h e plants c o m p l e t e l y cover t h e 
g r o u n d , and t r a n s p i r a t i o n from t h e p l a n t surfaces p r e d o m i n a t e s . I t is t h e r e f o r e necessa ry 
t o consider ET as a s ing le loss. M o r e o v e r , t h e same e n e r g y is used for b o t h t h e processes (PEN-
MAN 1948). 
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I N V E S T I G A T I O N S I N T O P L A N T C U L T I V A T I O N C H A R A C T E R I S T I C S 
A N D A P P L I C A T I O N O F R E S U L T S I N COMBINE H A R V E S T E R 
O P E R A T I O N I 
I n v e s t i g a t i o n s into the b e h a v i o u r of cereals in threshing p rocedures led to the conclusion 
tha t ind iv idua l varieties differ m o r e widely t h a n whole species in t h r e s h i n g behaviour . Phys io-
logical a n d morphological c o n s t i t u t i o n s of t w o rehea t varieties m a y in some c i rcumstances 
cause t h r e s h i n g behaviour d i f f e rences that are f a r more marked t h a n those be tween whea t 
and rye. 
G. D. R . public au tho r i t i e s in charge of v a r i e t y grading t h e r e f o r e decided to h a v e 
invest igat ions carried out in t h e spheres of p l a n t physiology, morpho logy , and agrobiology to 
test the cons i s t ency of ind iv idua l varieties. 
These indices and p a r a m e t e r s of p lan t cons t i tu t ion are v i t a l essentials r equ i red for 
opt imizat ion of conditions i n v o l v e d in par t ia l ly or ful ly mechanized harves t ing procedures . 
As a f i r s t s t e p t h e physiological indices of i n d i v i d u a l varieties and species had to be classif ied. 
This m e t h o d al lowed varieties t h a t appeared to b e less suitable for f u l l y mechanized ha rves t i ng 
in view of t h e i r consistency levels to be recognized and taken ou t of cu l t iva t ion s tep b y s tep. 
Varieties w i t h fea tures t ha t m a k e t h e m par t i cu la r ly preferable for f u l l y mechanized p roduc t ion 
were selected a n d cul t ivat ion a n d development of seeds was g iven special a t t en t i on . 
E v a l u a t e d in terms of loss reduction a n d qua l i t y i m p r o v e m e n t over subsequen t years 
the p r o b l e m was shown to h a v e been correct ly def ined. 
W h e n combine ha rves te r s were i n t roduced , t he harvest ing losses were as high as 5 to 8 
per cent , in some cases even 10 pe r cent. Q u a l i t y reduct ions (grain b reakage) occurred in 5 to 
10 per c e n t , whi le reduced g e r m i n a t i v e capac i t y w a s observed in u p t o 20 per cen t of t h e yield. 
In cases of large-grained a n d small-grained l e g u m e s quali ty r e d u c t i o n s involved even u p to 
70 per c e n t of t he yield, a n d e v e n whole-scale d a m a g e due to c o m p l e t e des t ruc t ion of germi-
nat ive f a c u l t y was discovered. I n addi t ion t h e r e was usually a 20 t o 30 per cent loss in combine 
harves ter c a p a c i t y due to t h e inadequa te a d j u s t m e n t of t he o p e r a t i n g e lements t o cereal 
consis tency. 
S t e p s were taken t o t r y a n d eliminate t h e s e d i sadvantages in a complex w a y , i.e. b y 
dealing w i t h cul t ivat ion, v a r i e t y and mach ine ry . T h e results o b t a i n e d for ind iv idua l var ie t ies 
by i nves t i ga t i on in te rms of p l a n t physiology a n d consistency were one of t h e necessary 
condit ions. 
K n o w l e d g e of these charac ter i s t ics a l lowed the selection a n d p r e d o m i n a n t cu l t iva t ion 
of var ie t ies par t icular ly su i t ed t o combine h a r v e s t i n g . This opened t h e way to t he a d a p t a t i o n 
of m a c h i n e r y to grain cons i s t ency . 
E x p e r i e n c e showed t h a t in the f u t u r e seed experts, p l a n t physiologists , a n d agri-
cul tural engineers (i.e. des igners and p roduc t i on engineers) will h a v e to co-opera te in order 
to gain m a x i m u m insight i n t o mechanizing p rob lems , too, f rom d a t a concerning agrobio logy, 
plant b io logy and morphology. 
M e t h o d of inves t igat ion 
C o m b i n e harvest ing v a r i e t y tests. A special ly established v a r i e t y tes t s t a t ion for com-
bine h a r v e s t e r crops grew all variet ies of cerea l s and a number of o the r i m p o r t a n t combine-
harves ted c rops on trial f ie lds . The entire r a n g e of inves t iga t ions involving t he above men-
tioned p r o b l e m s were p e r f o r m e d in the course of harvest ing ope ra t ions . 
T h e following inves t iga t ions were m a d e : 
Biological tests. B e g i n n i n g directly a f t e r sowing con t inua l classif icat ions were made 
to d e t e r m i n e plant growth a n d f ind out i n t e r r e l a t ions between g r o w t h proceedings a n d har-
vest ing opera t ions . When r ipeness was a p p r o a c h i n g daily s t r aw a n d grain mois ture -conten-
m e a s u r e m e n t s were pe r fo rmed to establish r i p e n i n g progress indices . This allowed t h e earliest 
h a r v e s t i n g da t e s to be f i x e d fo r every v a r i e t y . 
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B e a t e r s a n d l a b o r a t o r y - t y p e th re sh ing d r u m s were used t o i n v e s t i g a t e how g r a i n s 
still h u m i d a n d a p p r o a c h i n g t e r m i n a l r ipeness r e s p o n d e d t o m e c h a n i c a l ac t ion a n d w h i c h 
level of p o w e r w a s requ i red t o r e l ea se gra in f r o m ears . T h r e s h i n g t e s t s w e r e spread o v e r t h e 
en t i re h a r v e s t i n g pe r iod in o r d e r t o f i x t h e o p t i m u m h a r v e s t i n g d a t e s . 
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Fig. 1. E o s i n depos i t ion c u r v e s appl icable t o d e t e r m i n e t e r m i n a l r ipening 
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Fig. 2. Fa l l -ou t loss c h a r t 
T e r m i n a t i o n of depos i t ion i n g r a i n was d e t e r m i n e d b y eosin t e s t s . F r e s h p lan t s c u t 
d a i l y were p l a c e d in a n eosin s o l u t i o n , a n d t he level of p i g m e n t p e n e t r a t i o n i n t o the ear w a s 
t a k e n as t he y a r d s t i c k t o c lass i fy t h e leve l of r i pen ing (F ig . 1). 
S i m u l t a n e o u s l y w i t h t hese t e s t s a n d t h e m o i s t u r e leve l d e v e l o p m e n t in s tem and e a r s 
d a i l y fal l -out c h e c k s were m a d e o n c e r t a i n sect ions of e a c h p lo t , s p r e a d o v e r t he whole h a r -
v e s t i n g period (F ig . 2). 
F u r t h e r i n v e s t i g a t i o n s were d i r e c t e d a t g r o w t h dens i t i e s a n d t h e d i f f e r ences obse rved . 
I t w a s well k n o w n t h a t n o n - u n i f o r m f e e d i n g of crop to t h r e s h i n g gear r e s u l t s in d i s a d v a n t a g e s 
i n v o l v i n g h igher losses, r educed c a p a c i t y and lower q u a l i t y . G r o w t h d e n s i t y var ia t ions of 
m o r e t h a n 100 p e r c e n t could he a n a l y z e d in these i n v e s t i g a t i o n s (Fig. 3). 
Othe r i n v e s t i g a t i o n s a n a l y z e d s t e m th ickness , b u c k l i n g t endenc ies in e a r s , s tem collapse, 
i . e . lodging of c r o p s or ears , r e s p e c t i v e l y , on t he g r o u n d , genera l b r i t t l e n e s s of s t raw w i t h 
r e s u l t i n g shor t f r a g m e n t a t i o n ( c h o p p i n g ) of s t r aw, a n d d i s p l a c e m e n t of s h a k e r s and sc reens . 
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Technical plant tests. A w i d e r ange of t e c h n i c a l tes ts were p e r f o r m e d dur ing t h r e s h i n g . 
There were p r i n c i p a l th resh ing t e s t s done i n v o l v i n g e a r l y ripeness, a s t a g e of m e d i u m r i p e n i n g , 
as well a s l a t e r ipening. I n t h e f u r t h e r course of t e s t s these i n v e s t i g a t i o n s were c o n d u c t e d 
a t f ive d i f f e r e n t s tages or t i m e s , respec t ive ly , i n c l u d i n g absolu te ly e a r l y th resh ing o f barely-
r ipened g r a i n a n d a tes t i n v o l v i n g overr ipe g r a i n a t a t ime w h e n o r d i n a r i l y h a r v e s t i n g h a d 
been f i n i s h e d f o r some t ime (i .e. a f o r t n i g h t a f t e r t h e la tes t h a r v e s t i n g da te ) . The f i r s t a n d t h e 
Ear number per 3 m2 Optimum output 
Outpui kg/sec for spring barley 
Fig. 3. G r o w t h dens i ty a n d t h r o u g h p u t v a r i a t i o n s 
las t tes t m e n t i o n e d above i n d i c a t e d which v a r i e t y m i g h t he h a r v e s t e d p r e m a t u r e l y a t m o d e r a t e 
losses, a n d w h i c h might still b e ha rves t ed a t a r a t h e r late d a t e if r equ i r ed due t o w e a t h e r 
condi t ions . 
T h r e s h i n g runs were u s e d t o check c h a f f losses , drum losses ( i .e . t h e p e r c e n t a g e of gra in 
no t re leased) , s ca t t e r i ng losses, a n d m a x i m u m t h r o u g h p u t capac i ty . I n v e s t i g a t i o n s a l s o cove red 
the t h r e s h i n g of grain w i th m a x i m u m , m e d i u m or m i n i m u m m o i s t u r e contents . 
W i t h t h e use of t he d a t a t h u s o b t a i n e d a technological c h a r t deal ing w i t h i n d i v i d u a l 
var ie t ies c o u l d b e drawn u p . A m o s t p r e f e r a b l e ha rves t ing p e r i o d cou ld be e s t a b l i s h e d for 
every v a r i e t y (F ig . 4). As a r e s u l t of th is h a r v e s t i n g per iod c lass i f i ca t ion t h e i n d i v i d u a l va r i e t i e s 
were r e g i o n a l i z e d so t h a t o n e e a r l y - h a r v e s t i n g a n d one l a t e - h a r v e s t i n g var ie ty e a c h b e c a m e 
avai lable t o f a r m e r s of e v e r y r eg ion invo lved . 
H a r v e s t i n g peaks d u e t o gra in r i p e n i n g condi t ions were r e d u c e d and a n y va r i e t i e s 
found n o t s u i t a b l e for c o m b i n e ha rves t i ng w e r e e l imina ted , e.g. v a r i e t i e s hav ing f a l l - o u t and 
sca t t e r ing los ses of up to 15 p e r c en t a t t h e b e g i n n i n g of the c o m b i n e ha rves t ing p e r i o d . 
T h e f a r m e r s ' d e m a n d s f o r s table v a r i e t i e s n o t affected b y f a l l - o u t t endenc i e s h a d , on 
t he o t h e r h a n d , also resu l ted i n t h e c u l t i v a t i o n of var ie t ies whose g r a i n s were so f i r m l y sea ted 
t h a t c o m b i n e ha rves t ing w a s feas ib le a t v e r y l a t e da t e s only a n d w i t h a high p e r c e n t a g e of 
grain n o t r e l e a s e d f rom ears . T h e s e s t ra ins w e r e a lso el iminated f r o m t h e a s s o r t m e n t . S imi la r 
measures w e r e t a k e n wi th r e g a r d t o legumes h a v i n g high d a m a g e q u o t a . 
I n a d d i t i o n , phys io log ica l t e s t s s y s t e m a t i c a l l y indicated t o seed exper ts t h e l i m i t s of 
p lan t c o n s i s t e n c y based on e c o n o m i c c o n s i d e r a t i o n s . 
D a t a o b t a i n e d r e su l t ed i n revised t a r g e t s f o r seed c u l t i v a t i o n involving n e w c o m b i n e 
h a r v e s t e r c r o p variet ies . 
F o r p r a c t i c a l f a r m i n g p u r p o s e s i t is a l so p r e f e r a b l e to h a v e v a r i e t i e s d i s t r i b u t e d accord-
ing to t h e e x p e c t e d h a r v e s t i n g per iods . Grain h a r v e s t network p l a n n i n g applied i n t h e G e r m a n 
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Democra t ic R e p u b l i c is la rge ly b a s e d on the ag rob io log ica l r e s e a r c h w o r k and t h e r e s u l t s 
s t a t e d above . 
This, h o w e v e r , did n o t b y i tself solve t he p r o b l e m s involved i n o p t i m u m h a r v e s t i n g 
mach ine a d j u s t m e n t in t h r e s h i n g . W e therefore t o o k s t e p s to a p p l y t h e resul ts of p l a n t i n -
ves t iga t ion t o t echno log ica l a n d t e c h n i c a l condi t ions i n v o l v e d in c o m b i n e harves te r o p e r a t i o n . 
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Fig. 4. R i p e n i n g sequence t echno log i ca l c h a r t 
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Fig. 5. Work p e a k s caused b y c o n c u r r e n t r ipening d u e t o u n f a v o u r a b l e growing t e c h n i q u e 
a n d var ie ty se l ec t ion 
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Application of plant consistency data in order to establish the technological parameters 
involved in fully mechanized harvesting (combine harvester operation). F u r t h e r d e v e l o p m e n t 
a n d opt imizat ion of technical h a r v e s t i n g p a r a m e t e r s (machine se t t i ng da t a ) were poss ib l e 
only when essent ia ls for exact compar i son and i n f i n i t e l y reproducible t e s t condit ions h a d 
been defined. S u c h comparison faci l i t ies were n o t in existence a t t h e t ime when c o m b i n e 
harves t ing was be ing introduced s ince the machines o p e r a t e d over t he e n t i r e harvest ing p e r i o d 
Dale 
Fig. 6. Work peak elimination b y f a v o u r a b l e var ie ty selection 
w i t h daily a n d cont inua l ly chang ing and unknown g r a i n consistency d a t a . For each o p e r a t i o n 
t he machines h a d t o be set wi th d a t a established empir ical ly . 
Within t h e f ramework of technica l va r i e ty g r ad ing we the re fo re designed a g r a i n tes t 
s t and where a n y v a r i e t y could be t e s t ed for res i s tance t o impact or p re s su re , moisture c o n t e n t , 
s t em tear res i s tance , cleaning a p t i t u d e , or any o t h e r character is t ic . T h i s a r rangement p r o v i d e s 
a possibility of compar ing technica l equipment s ince grain consistencies are known or c a n b e 
established p r io r t o any test appl ica t ion . 
Records of grain consistencies allow cer ta in t e s t s with similar or identical cons is tenc ies 
to be compared even years a f t e r . 
Test service. Technical s e t t i n g data for o p e r a t i n g elements (e.g. d rum speed, s h a k e r 
frequencies, e tc . ) , which had b e e n established on t h e t e s t stand in a d d i t i o n to grain cons i s t en -
cies, were t h e n appl ied to prac t ica l farming work a n d subjected t o opera t iona l tes ts . 
In a d d i t i o n t o variety g r a d i n g there were f u r t h e r setting d a t a established a n d c h e c k e d 
in test runs p e r f o r m e d in s u m m e r and winter. 
A c o m b i n e harves ter t e s t service was set u p fo r one complete h a r v e s t i n g period t o ensure 
large-scale d a t a verif icat ion b y t e s t series. 
This c o m b i n e harvester t e s t service was p r o v i d e d with 
o p t i m u m da ta for c o m b i n e harves ter s e t t i n g established in variety g r a d i n g and 
technological ope ra t i ng tests; a n d 
— a m e t h o d of immed ia t e loss de t e rmina t ion . 
In a d d i t i o n to applicat ion of opt imum c o m b i n e harvester s e t t i ng d a t a this a r r a n g e m e n t 
allowed i m m e d i a t e subsequent checking of e f f ec t . T w o hundred special ly t rained engineers 
checked a g r e a t number of t h e combine h a r v e s t e r s employed in t h e German D e m o c r a t i c 
Republic. T h e y appl ied the o p t i m u m operating d a t a t h e y established t o t he machine i n v o l v e d , 
and they c h e c k e d effectiveness b y using the m e t h o d of immedia te loss de t e rmina t ion . D a t a 
required in t h e condit ions invo lved were recorded in a test char t . 
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Data t o b e recorded b y t e s t service eng inee r s had a fa i r ly wide range. A p a r t f r o m 
general i n f o r m a t i o n such as l oca t i on , t ime and d a t e , t h e y included soil conditions, spec ies a n d 
var ie ty, the d e g r e e of ripeness, m o i s t u r e levels in g r a i n s and straw, t h e e x t e n t of lodging, u n d e r -
growth, etc. 
I n v e s t i g a t i o n s also dea l t w i t h shaker a n d d r u m losses, s c a t t e r i n g losses a n d losses 
d u e to cut-off e a r s . Speeds of c o m b i n e harvester o p e r a t i n g e lements were stated b e f o r e a n d 
a f t e r the check . T h e combine h a r v e s t e r test service w a s thus able t o establish series of d a t a 
acquired before a n d after op t imiza t i on . 
A to t a l of a b o u t 12,000 d a t a series were r e c o r d e d , whose e v a l u a t i o n took several y e a r s . 
T h e material w a s evaluated a c c o r d i n g to several considera t ions , e.g. influence of m o i s t u r e 
o n setting a n d losses, influence of ripeness level o n se t t ing and losses, influence of m o i s t u r e 
a n d ripeness l eve l on ou tpu t a n d capaci ty , i n f l u e n c e of capaci ty o n losses and s e t t i n g , in-
f luence of m o i s t u r e , ripeness level , a n d capacity o n qua l i ta t ive t h r e s h i n g results. 
The r e s u l t s of these inves t iga t ions have been publ i shed elsewhere. They were t h e m a j o r 
contr ibut ions t o t h e combine h a r v e s t e r setting s l ide rule , whose r e fe rence data h a v e m e a n -
while proved t h e i r applicabil i ty i n m a n y countr ies a l m o s t wi thout a n y changes. 
I n v e s t i g a t i o n of crop cond i t i ons led to t he fol lowing conclus ions: 
It is n e c e s s a r y to e x a m i n e cereal variet ies i n terms of technological and t e c h n i c a l 
conditions a n d t o keep t rack of physiological, morpholog ica l and gene ra l plant cons is tenc ies 
r igh t from in i t i a l cult ivat ion in o rder to e l imina te a n y material unsu i t ab le for full m e c h -
anization, a n d t o promote su i t ab l e mateiral. 
I t is u s e f u l to draw u p a ripening s e p u e n c e chart based o n variety r ipeness t e s t 
d a t a . Such c h a r t s will allow t h e most preferab le harvest ing pe r iods to be d e t e r m i n e d 
fo r individual v a r i e t i e s involved. Adequate v a r i e t y selection a n d terri torial d i s t r i b u t i o n 
will permit t h e sequence of h a r v e s t i n g operat ions t o be planned a n d excess w o r k p e a k 
d u e to concu r r en t r ipening to be avoided. 
The d a t a a c q u i r e d in the p l a n t invest igat ions a r e to be used for a d j u s t m e n t a n d s e t t i n g 
of combine h a r v e s t e r s . 
P . F E I F F E R 
55 N o r d h a u s e n , 
F r ankens t r a s se 21 
S U N F L O W E R V A R I E T Y " I R E G I K O R A I C S I K Ó S " 
Taxonomical place: Helianthus annuus L. conv. simplex My. eg. microcarpus My. cv. communis 
My. 
Origin: selected f r o m a commerc ia l populat ion. 
Beginning of breeding: 1936, I regszemcse . 
State qualification: s t a t e registered improved v a r i e t y , 1955; f irs t a c c e p t e d in 1942. 
Breeder: E rnő K u r n i k dr. and Mrs . Mészáros ( I regszemcse) . 
General characterization : a sunf lower va r i e ty of bo th ag r i cu l tu ra l and i n d u s t r i a l value; m e d i u m 
high, w i t h a h ighe r than a v e r a g e oil product ion, s t r i p e d seed-coat; s torable w i t h o u t loss . 
Morphological description : 
Root system: h a s a strong m a i n root p e n e t r a t i n g t h e soil to a b o u t 100 — 120 cm, w i t h 
n u m e r o u s f ine laterals. 
Shoot system: i s free of l a t e r a l s , develops a s ing le powerful m a i n shoot . 
Stem: h y p o c o t y l is generally green, it may h a v e , however, a s l igh t light violet c o l o u r ; 
the s t r o n g stem is of m e d i u m height, a b o u t 140 — 190 c m when ma tu r ing ; i t s 
colour is l ight yellowish green, surface m o d e r a t e l y hairy . 
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Foliage: on t h e strong petiole t h e leaf-blade is h e a r t - s h a p e d - t r i a n g u l a r with r o u g h l y 
den ta t e edges and b lun t leaf apex ; its colour is dark yel lowish green; leaf b l a d e 
is 25 — 32 c m long and t h e m a i n rib is c o n t i n u e d in a 19 — 26 c m long petiole. Cross 
section m a d e in the m i d d l e of the petiole is hear t -shaped w i t h a shallow s t r a i t 
( M Á N D Y 1 9 6 2 ) . 
Capitulum: genera l ly develops o n e per each p l a n t ( there is l i t t le t e n d e n c y to deve lop 
more). T h e capi tu lum is 19 — 20 cm in d i a m e t e r , slightly d r o o p i n g . Ligulate f l o r e t s 
are of l igh t orange colour . Tubu la r f lo re t s a r e slender w i t h w h i t i s h sepals. A n t h e r 
t u n e is d a r k purplish b r o w n ; pistil da rk orange-coloured. 
Fruit: achene is dark grey w i t h light stripes, w i t h a p h y t o m e l a n layer in t he pe r i -
carp (wh ich makes i t r e s i s t a n t to sunf lower mo th ) . The w e i g h t of thousand a c h e n e s 
is 65 — 80 g. The p r o p o r t i o n of seed to f r u i t is 56 — 61 p e r c e n t , oil content in d r y 
m a t t e r 35 — 37 per cen t . A c h e n e is easily s t o r e d and does n o t become rancid e v e n 
when s to red for a long t i m e (KAPÁS et al. 1965). 
Biological characters : 
Germination: seeds ge rmina te well in soils of 12 —13° C. 
Vegetation period: 120 —140 d a y s ; initial d e v e l o p m e n t rapid . 
Water requirement : modera te , evenly d i s t r ibu ted precipi tat ion is favourab le , a b u n d a n t 
ra ins cause leaf rus t i n f e c t i o n (KAPÁS et al. 1965). 
Resistance to disease: su scep t ib l e to Orobanche cumana i n f e c t i o n ; disposed t o leaf 
ru s t t oo , b u t ra ther r e s i s t a n t to the m o u l d y rot of s tem a n d cap i tu lum (BAKOS — 
BÉKÉSI 1968) as well a s t o peronospora. 
Farm technology requirement: 
Seeding: a t a spacing of 6 0 X 4 0 cm; af ter a w e t winter best s o w n in the second ha l f 
of Apri l . 
Soil requirement : gives good yie ld results in a n y kind of f e r t i l e soil except sand- a n d 
h e a v y s o i l s ( K A P Á S et al. 1 9 6 5 ) . 
Fig. 1 
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Productivity : seed p r o d u c t i o n sufficient, a n average of 38 q / h a of which oil p roduc t ion 
is 14.2 q/ha (BAKOS—BÉKÉSI 1968). 
Region of cultivation: t h e southern a n d south-eas tern p a r t s of Hungary a n d t h e total 
a r e a of the G r e a t P l a in . 
* 
P r e p a r e d a t the D e p a r t m e n t of Bo tany , Univers i ty of A g r i c u l t u r a l Sciences, Debrecen 
G Y . M Á N D Y 
R E F E R E N C E S 
BAKOS, ZS.— BÉKÉSI, P. (1968) : Napraforgó (Sunflower) . N e m e s í t e t t N ö v é n y f a j t á k k a l vég-
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FORUM 
E F F E C T O F B E N Z Y L A D E N I N E O N T H E AMOUNT O F L E A F P I G M E N T S 
IN B E A N 
Leaf p igmen t response t o benzyladenine t r e a t m e n t was s t u d i e d in cut t ings of t h e bean 
var ie ty F e r t ő d i 5 when k e p t in d a r k and u n d e r pe rmanen t i l l u m i n a t i o n respectively. T h e pig-
ments were separa ted on a cellulose layer ( M N 300) and their q u a n t i t i e s de te rmined wi th a 
spec t ropho tomete r . The benzy laden ine t r e a t m e n t was efficient exclus ively in p re se rv ing the 
chlorophyl l con ten t of shoots k e p t in dark. A t t h e same time u n d e r such condit ions i t accel-
erated t h e decomposit ion of t h e neoxanth in . I n shoots kept u n d e r permanent i l lumina t ion 
the r a t e of chlorophyll- a n d carotenoid decompos i t ion showed a def in i te para l le l i sm ir-
respect ive of t he t r e a t m e n t . Th i s phenomenon c a n be brought i n t o connection w i t h t h e pro-
tect ive e f fec t of carotenoids aga ins t pho todes t ruc t i on . Compar ison of the l i t e ra tu re a n d our 
da t a sugges t s t h a t the " f e e d b a c k " system ensu res the balance b e t w e e n chlorophyll a n d caro-
tenoids in p l a n t s exposed t o l igh t . 
In t roduc t ion 
Shoo t s and leaves r e m o v e d from p l a n t s display an acce l e r a t ed senescence, especially 
when t h e s e p lan t par ts are k e p t in the dark . T h i s process can be fo l lowed with t he u n a i d e d eye, 
as these p l a n t par ts g radua l ly lose their ch lo rophy l l content a n d eventua l ly t u r n yel low. The 
ra te of chlorophyl l decompos i t ion can be s lowed down with c y t o k i n i n s among o the r s , a l though 
species show different r eac t ions to various cy tok in ins . 
F o r example k ine t in , a typical t h o u g h n o t natural c y t o k i n i n , definitely i n h i b i t e d the 
ch lorophyl l decomposit ion in isolated leaves of Xanthium (RICHMOND—LANG 1957), oats 
( G U N N I N G — B A R K L E Y 1 9 6 3 ) , r a d i s h ( B U R D E T T — W A R E I N G 1 9 6 6 ) a n d m a i z e ( K N Y P L 1 9 6 7 ) . 
A n o t h e r cy tok in in : the benzy laden ine exe r t ed a similar ef fec t o n isolated leaves of rice and 
p e a n u t (MISHRA —MISRA 1968) while inh ib i ted t he chlorophyll deg rada t i on of " R e d K i d n e y " 
bean l eaves b u t to a low e x t e n t (GOLDTHWAITE — LAETSCH 1967). 
M u c h less is known, however , abou t w h a t happens a t t h e s a m e time to t h e carotenoids 
— these pe rmanen t c o n c o m i t a n t s of the chlorophylls . We h a v e found only a s ingle paper 
(GASPAR — XHAUFFLAIRE 1968) which also dea l s with the e f fec t of cytokinins on t h e amount 
of ca ro teno ids . Extens ion of invest igat ions i n t o this subject is j u s t i f i ed by t he f a c t t h a t on 
t h e bas is of results o b t a i n e d w i t h carotenoid m u t a n t s (GRIFFITHS et al. 1955, FRANK — KENNEY 
1 9 5 5 , A N D E R S O N — R O B E R T S O N 1 9 5 9 , F A L U D I - D Á N I E L — L Á N G 1 9 6 4 ) c a r o t e n o i d s a r e t h o u g h t 
to h a v e a protect ive e f fec t aga ins t pho todes t ruc t ion . 
Mater ia l and Method 
Seeds of the b e a n v a r i e t y Fer tőd i 5 were sown in to p e a t and sand m i x e d a t a ratio 
of 1 : 3. T h e seedlings were k e p t a t t e m p e r a t u r e s of 18 — 20° С w i t h a p e r m a n e n t i l luminat ion 
of 4200 lux intensi ty u n t i l used in the e x p e r i m e n t 8 days a f t e r sowing. Light w a s provided 
b y low pressure mercury v a p o u r lamps. C u t t i n g s with 3 cm l o n g hypocotyls were m a d e of the 
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Table 1 
Changes in the amount of certain leaf pigments of the bean variet 
Trea tmen t Chlorophyll a Chlorophyll 6 
C h l o r o p h y l l a 
C h l o r o p h y l l b 
T o t a l 
Chlorophyl l 
A t t he 
beg inn ing of 
t h e experiment 
954.02 ± 
246.50 
388.10 ± 
81.84 
2.44 ± 0.13 1342.12 ± 
318.34 
Percentage 
dis t r ibut ion 
71.1 ± 
18.4 
28.9 ± 
6.1 
100.0 
A s related to t h e 
in i t i a l amount 
100.0 ± 
25.8 
100.0 ± 
21.1 
100.0 ±  
24.5 
Dis t i l l ed 
w a t e r 
341.45 ± 
89.63 
128.36 ± 
30.84 
2.64 ± 0.06 469.81 ± 
120.47 
Pe rcen tage 
d is t r ibu t ion 
72.7 ± 
19.1 
27.3 ± 
6.6 
100.0 
A s related to the 
i n i t i a l amount 
35.8 ± 
9.4 
33.1 ± 
7.9 
35.0 ± 
9.0 
Benzyladen ine 
5 p p m . 
517.78 ± 
92.60 
209.20 ± 
42.23 
2.49 ± 0.09 726.98 ± 
134.83 
P e r c e n t a g e 
d i s t r ibu t ion 
71.2 ± 
12.7 
28.8 ± 
5.8 
100.0 
As re la ted to the 
in i t i a l amount 
54.3 ± 
9.7 
53.9 ± 
10.9 
54.2 ± 
10.0 
seed l ings (2 X 10 per t r e a t m e n t ) then t h e coty ledons r e m o v e d . The cut t ings w e r e p u t into t e s t 
t u b e s f i l led with dis t i l led water , then k e p t pe rmanen t ly in t h e dark or p l a c e d in to a growth 
c h a m b e r with cons t an t i l luminat ion (4200 lux ) — in a c c o r d a n c e with the t r e a t m e n t . During 
t h e expe r imen t the t e m p e r a t u r e r a n g e d be tween 18 a n d 20° C. The c u t t i n g s were t rea ted 
e v e r y second day: 5 p p m solution of benzy laden ine was spread over t h e u p p e r surface of 
each p r i m a r y leaf. Con t ro l p lants were t r e a t e d with distil led wa te r . The t i m e of t h e evaluation 
w a s de te rmined by t h e visible signs of ch lorophyl l decompos i t ion . Wi th s h o o t s kep t in da rk 
t h i s occur red after 5 — 8 days , while w i t h t h o s e i l luminated a f t e r 10 — 15 d a y s . Leaf samples 
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Fertődi 5 kept in darkness p/g fresh iveigh 
Lute in 
Viola-
xan th in 
Neo-
1 xanthin 
To ta l 
xan thophy l l s Carotenes 
Tota l 
ca ro tenoids 
X a n t h o p h y l l s 
ca ro tenes 
Chlorophylls 
carotenoids 
1 0 7 . 3 5 ± 
2 3 . 9 1 
2 7 . 4 3 ± 
6 . 9 4 
3 3 . 5 4 ± 
5 . 5 0 
1 6 8 . 3 2 ± 
3 6 . 3 5 
8 0 . 2 2 ± 2 4 8 . 5 4 ± 
2 3 . 9 4 ! 6 0 . 2 9 
2 . 2 0 ± 0 . 2 4 5 . 5 5 ± 0 . 7 1 
4 3 . 2 ± 
9 . 6 
1 1 . 0 ± 
2 . 8 
1 3 . 5 ± 
2 . 2 
6 7 . 7 3 2 . 3 ± 
9 . 6 
1 0 0 . 0 
1 0 0 . 0 ± 
2 2 . 3 
1 0 0 . 0 ± 
2 5 . 3 
1 0 0 . 0 ± 
1 6 . 4 
1 0 0 . 0 ± 
2 1 . 6 
1 0 0 . 0 ± 
2 9 . 8 
loo.o ± 
2 4 . 3 
8 0 . 8 4 ± 
1 4 . 8 1 
2 1 . 8 6 ± 
2 . 7 6 
2 7 . 5 3 ± 
2 . 0 9 
1 3 0 . 2 3 ± 
1 9 . 6 6 
5 8 . 2 7 ± 
9 . 1 0 
1 8 8 . 5 0 ± 
2 8 . 7 6 
2 . 1 9 ± 0 . 1 2 2 . 5 5 ± 0 . 5 1 
4 2 . 9 ± 
7 . 9 
1 1 . 6 ± 
1 . 5 
1 4 . 6 ± 
1 . 1 
6 9 . 1 3 0 . 9 ± 
4 . 8 
1 0 0 . 0 
7 5 . 3 ± 
1 3 . 8 
7 9 . 7 ± 
1 0 . 1 
8 2 . 1 ± 
6 . 2 
7 7 . 4 ± 
1 0 . 1 
7 2 . 6 ± 
1 1 . 3 
7 5 . 8 ± 
6 . 2 
7 2 . 7 1 ± 
1 8 . 5 5 
2 1 . 2 2 ± 
4 . 1 4 
2 1 . 3 5 ± 
4 . 6 7 
1 1 5 . 2 8 ± 
2 7 . 3 6 
5 3 . 7 2 ± 
9 . 1 0 
1 6 9 . 0 ± 
3 6 . 4 
2 . 1 2 ± 0 . 2 5 4 . 3 5 ± 0 . 3 9 
4 3 . 0 ± 
1 1 . 0 
1 2 . 6 ± 
2 . 4 
7 7 . 4 ± 
1 5 . 1 
1 2 . 6 ± 
2 . 8 
6 8 . 7 3 1 . 3 ± 
5 . 4 
1 0 0 . 0 
6 7 . 7 ± 
1 7 . 3 
6 3 . 7 ± 
1 3 . 9 
6 8 . 5 ± 
1 6 . 3 
6 7 . 0 ± 
1 1 . 3 
6 8 . 0 ± 
1 4 . 7 
of an average of 1 g each were t a k e n pe r replication. L e a v e s were d i p p e d for 20 seconds i n t o 
ho t water in order t o make e x t r a c t i o n quicker. Accord ing to the ev idence of pre l iminary ex-
pe r imen t s th is h e a t t r e a t m e n t does no ha rm to t he p igmen t s . Then l eaves were cut w i t h a 
razor blade in to t i n y pieces and e x t r a c t e d with a c e t o n e (20 + 10 ml) i n t h e dark on two s u b -
sequent occasions. Immed ia t e ly a f t e r t he process of e x t r a c t i o n comple ted t he pigments w e r e 
separa ted on a 20 X 20 cm cellulose layer (Maeherey-Nagel 300). C h r o m a t o g r a p h y was , i n 
essentials, car r ied o u t a f te r t he m e t h o d applied b y SCHNEIDER (1966), w i t h the d i f f e r e n c e 
t h a t the ra t io of c o m p o n e n t s in t h e so lvent had to be c h a n g e d by a p p l y i n g t he ratio of m e t h a -
nol : d ich lo romethane : water = 100 : 18 : 13 in s t ead of 100 : 18 : 20. 
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Table 2 
Changes in the amount of certain leaf pigments of the bean variety 
T r e a t m e n t Chlorophyl l a Chlorophyl l b Tota l chlorophyll 
At the 
beginning 
of the 
experiment 
7 3 3 3 . 5 1 ± 
3 8 7 3 . 7 3 
3 5 6 1 . 1 1 ± 
8 0 4 . 9 5 
1 0 8 9 4 . 6 2 ± 
4 6 7 8 . 6 8 
Percentage 
distr ibution 
6 7 . 3 ± 
3 5 . 6 
3 2 . 7 ± 
7 . 4 
1 0 0 . 0 
Percentage as 
related to t h e 
initial a m o u n t 
1 0 0 . 0 ± 
5 2 . 8 
1 0 0 . 0 ± 
2 2 . 6 
1 0 0 . 0 ± 
4 2 . 9 
3 5 5 8 . 7 3 ± 
1 6 9 4 . 4 7 
1 3 3 7 . 5 9 ± 
6 1 4 . 9 4 
4 8 9 6 . 3 2 ± 
2 3 0 9 . 4 1 
Distilled 
water 
Percentage 
distr ibution 
7 2 . 7 ± 
3 4 . 6 
2 7 . 3 ± 
1 2 . 6 
1 0 0 . 0 
Percentage as 
related to t h e 
initial a m o u n t 
4 8 . 5 2 ± 
2 3 . 1 
3 7 . 6 ± 
1 7 . 3 
4 4 . 9 ± 
2 5 . 2 
6 2 4 4 . 1 6 ± 
1 2 7 0 . 7 0 
2 4 9 2 . 5 4 ± 
4 1 6 . 1 2 
8 7 3 6 . 7 0 ± 
1 6 8 6 . 8 2 
Benzyladenine 
5 ppm 
Percentage 
distr ibution 
7 1 . 5 ± 
1 4 . 5 
2 8 . 5 ± 
4 . 8 
1 0 0 . 0 
Percentage as 
related to t h e 
initial a m o u n t 
8 5 . 1 ± 
1 7 . 3 
7 0 . 0 ± 
1 1 . 7 
8 0 . 2 ± 
1 5 . 5 
Two c h r o m a t o g r a m s p e r replicat ion, i .e. 4 per t r e a t m e n t were made. T h e a m o u n t 
of mater ia l u s e d was 500 /Л p e r each . The e x t r a c t was applied w i t h o u t any air c u r r e n t , since 
the p re l imina ry experiments h a d shown abou t 20 pe r cent loss of ma t e r i a l caused e v e n by a 
cold air c u r r e n t . The bands w e r e collected in c e n t r i f u g e tubes; ch lorophyl l s were e l u t e d wi th 
peroxide f r ee e t h e r (5 ml), while carotenoids w i t h d ime t l iy l fo rmamide (5 ml), and the i r q u a n t i -
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Fertődi 5 kept in darkness (/Mg/g dry m a t t e r ) 
L u t e i n Violaxanthin Neoxanthin 
Total 
xanthophylls Carotenes 
Tota l 
carotenoids 
9 8 7 . 6 9 ± 
2 3 5 . 5 7 
2 5 5 . 4 6 ± 
8 1 . 7 3 
3 1 0 . 7 7 ± 
5 8 . 7 2 
1 5 5 3 . 9 2 ± 
3 7 6 . 0 2 
7 3 6 . 3 0 ± 
2 3 2 . 3 8 
2 2 9 0 . 2 2 ± 
6 0 8 . 4 
4 3 . 1 ± 
1 0 . 3 
1 1 . 2 ± 
3 . 6 
1 3 . 6 ± 
2 . 6 
6 7 . 9 3 2 . 1 ± 
1 0 . 1 
1 0 0 . 0 
1 0 0 . 0 ± 
2 3 . 9 
1 0 0 . 0 ± 
3 2 . 0 
1 0 0 . 0 ± 
1 8 . 9 
1 0 0 . 0 ± 
2 4 . 2 
1 0 0 . 0 ± 
3 1 . 6 
1 0 0 . 0 ± 
2 6 . 6 
9 9 6 . 0 ± 
1 4 2 . 5 6 
2 7 0 . 7 8 ± 
4 8 . 3 9 
3 3 9 . 4 4 ± 
2 7 . 0 7 
1 6 0 6 . 2 6 ± 
1 9 0 . 9 5 
6 9 . 0 
7 2 0 . 8 9 ± 
8 9 . 0 7 
2 3 2 7 . 1 5 ± 
3 0 7 . 0 9 
4 2 . 8 ± 
6 . 1 
1 1 . 6 ± 
2 . 1 
1 4 . 6 ± 
1 . 2 
3 1 . 0 ± 
3 . 8 
1 0 0 . 0 
1 0 0 . 8 ± 
1 4 . 4 
1 0 6 . 0 ± 
1 8 . 9 
1 0 9 . 2 ± 
8 . 7 
1 0 3 . 4 ± 
1 2 . 3 
9 7 . 9 ± 
1 2 . 1 
1 0 1 . 6 ± 
1 3 . 4 
8 4 9 . 1 3 ± 
1 2 5 . 2 2 
2 4 5 . 9 9 ± 
1 3 . 0 8 
2 4 5 . 2 5 ± 
1 4 . 5 6 
1 3 4 0 . 3 7 ± 
1 5 2 . 8 6 
6 5 0 . 1 5 ± 
1 1 5 . 2 6 
1 9 9 0 . 5 2 ± 
2 6 8 . 1 2 
4 2 . 7 ± 
6 . 3 
1 2 . 4 ± 
0 . 7 
1 2 . 3 ± 
0 . 7 
6 7 . 3 3 2 . 7 ± 
5 . 8 
1 0 0 . 0 
8 6 . 0 ± 
1 2 . 7 
9 6 . 3 ± 
5 . 3 
7 6 . 9 ± 
4 . 7 
8 6 . 3 ± 
9 . 8 
8 8 . 3 ± 
1 5 . 7 
8 6 . 9 ± 
1 1 . 7 
t ies de te rmined by a spec t ropho tome te r (MOM 201). E l u a t e s of cellulose d u s t collected f rom 
below t h e star t ing-l ine were used as s t a n d a r d solution. T h e q u a n t i t y of ch lorophyl l s was cal-
c u l a t e d according to COMAR —ZSCHEILE (1942) while t h a t of t h e carotenoids w i t h a formula 
p r e s e n t e d by GOODWIN (1955). Under o u r exper imenta l cond i t i ons absorp t ion m a x i m a were 
f o u n d a t t he following w a v e lengths (m/г): chlorophyll-a = 660, chlorophyl l -b = 642, caro-
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Table 3 
Changes in the amount of certain leaf pigments 
T r e a t m e n t Chlorophyll a Chlorophyll b 
Chlorophy l l a 
Chlorophy l l b 
Total 
chlorophyll 
1011.87 ± 
164.51 
358.98 ± 
70.39 
2.91 ± 0.11 1370.85 ± 
234.9 
A t t h e 
beg inn ing 
of t h e 
Pe rcen t age 
d i s t r ibu t ion 
73.8 ± 
12.0 
26.2 ± 
5.1 
100.0 
e x p e r i m e n t Pe rcen tage as re la ted 
to t h e initial amoun t 
100 ± 
16.3 
100 ± 
19.6 
100 ± 
17.1 
538.14 ±  
92.44 
198.89 ±  
27.60 
2.70 ± 0.14 737.03 ± 
120.04 
Dis t i l l ed 
w a t e r 
Pe rcen tage 
d i s t r ibu t ion 
73.0 ± 
12.5 
27.0 ± 
3.7 
100.0 
Pe rcen t age as re la ted 
t o t h e initial amoun t 
53.2 ± 
9.1 
55.4 ± 
7.7 
53.8 ± 
8.8 
528.77 ± 
75.48 
215.62 ± 
44.60 
2.52 ± 0.16 744.39 ± 
120.08 
Benzy laden ine 
5 p p m 
P e r c e n t a g e 
d i s t r ibu t ion 
71.0 ± 
10.1 
29.0 ± 
6.0 
100.0 
P e r c e n t a g e as related 
to t h e ini t ial amount 
52.3 ± 
7.5 
60.1 ± 
12.4 
54.3 ± 
8.8 
t enes = 460, lutein = 455, v io laxanth in = 450, n e o x a n t h i n = 445. M a x i m a somet imes de-
v i a t e d b y ± 1 — 2 mg, f r o m the above f i gu re s , therefore a r o u n d the expec ted p e a k we took 
m o r e t h a n one m e a s u r e m e n t s in order t o de t e rmine the m a x i m a accurately. E a c h table com-
prises t h e da t a of 4 expe r imen t s . The a m o u n t s of leaf p i g m e n t s determined a t t h e beginning 
of e a c h exper iment were t a k e n as 100 p e r c e n t and the resu l t s of t r e a tmen t s were re la ted to it . 
Ac la Agronomica Academiae Scientiarum Hungaricae 20, 1971 
F O R U M 4 3 3 
in the bean variety Fertődi 5 kept in light (fig/g f r e sh weight) 
Lutein 
Viola-
x a n t h i n 
Neo- , Tota l 
x a n t h i n xan thophyl l s 
] 
C a r o t e n e s 
Total 
carotenoids 
X a n t h o p h y l l s 
carotenes 
Chlo rophy l l s 
c a r o t e n o i d s 
117.11 ± 
19.84 
33.98 ± 
3.22 
33.26 ± 
7.41 
184.35 ± 
30.47 
83.52 ± 
16.18 
267.87 ± 
46.65 
2.23 ± 0.08 5.08 ± 0.04 
43.7 ± 
7.4 
12.7 ± 
1.2 
12.4 ± 
2.8 
68.8 31.2 ± 
6.0 
100.0 
1 0 0 . 0 ± 
16.9 
1 0 0 . 0 ± 
9.5 
1 0 0 . 0 ± 
22.3 
1 0 0 . 0 ± 
16.5 
1 0 0 . 0 ± 
19.4 
1 0 0 . 0 ± 
17.4 
63.02 ± 
18.02 
14.73 ± 
2.06 
21.30 ± 
4.20 
99.05 ± 
24.28 
49.65 ± 
9.39 
148.7 ± 
33.67 
2.08 ± 0.38 5.08 ± 0.59 
42.4 ± 
12.1 
9.9 ± 
1.4 
14.3 ± 
2.8 
66.6 33.4 ± 
6.3 
100.0 
53.8 ± 
15.4 
43.7 ± 
6.1 
64.0 ± 
12.6 
53.7 ± 
13.2 
59.4 ± 
11.2 
55.5 ± 
12.6 
64.02 ± 
22.53 
21.25 ± 
6.45 
20.69 ± 
6.68 
105.96 ± 
35.66 
49.53 ± 
10.92 
155.49 ± 
46.58 
2.10 ± 0.19 5.09 ± 0.90 
41.2 ± 
14.5 
13.7 ± 
4.1 
13.3 ± 
4.3 
68.1 31.9 ± 
7.0 
100.0 
54.7 ± 
19.2 
62.5 ± 
19.0 
62.2 ± 
20.1 
57.5 ± 
19.3 
59.3 ± 
13.1 
58.0 ± 
11.2 
Resu l t s 
1. Changes of leaf p i g m e n t content i n b e a n shoots k e p t in t he dark. L e a v e s of shoots 
k e p t in t h e da rk lost a b o u t two- th i rds of t h e i r chlorophyll c o n t e n t in 5 —8 days , while only 
one- th i rd of t he caro tenoids was decomposed, a n d when r e l a t ed t o the dry m a t t e r content 
d e g r a d a t i o n could not even be demons t r a t ed (Tab le 2). Benzy laden ine s ignif icant ly inhibi ted 
decompos i t ion in the ch lorophyl l s , while s o m e w h a t accelerated i t w i t h the ca ro teno ids , though 
the l a t t e r difference was o n l y significant in t h e case of n e o x a n t h i n . No di f ference in the in-
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Table 4 
Changes in the amount of certain leaf pigments in the bean variety 
Treatment Chlorophyll a Chlorophyll b Total chlorophylls 
7 7 4 8 . 5 4 ± 
1 3 0 3 . 8 4 
2 6 5 8 . 4 4 ± 
4 2 7 . 1 1 
1 0 4 0 6 . 9 8 ± 
1 7 3 0 . 9 5 
A t the 
beginning 
of the 
exper iment 
Percentage 
dis t r ibut ion 
7 4 . 5 ± 
1 6 . 6 
2 5 . 5 ± 
4 . 1 
1 0 0 . 0 
Percentage as r e l a t e d 
t o t h e initial a m o u n t 
1 0 0 . 0 ± 
1 6 . 8 
1 0 0 . 0 ± 
1 6 . 1 
1 0 0 . 0 ± 
1 6 . 6 
Disti l led 
3 7 7 3 . 2 2 ± 
9 8 0 . 9 6 
1 3 8 7 . 4 3 ± 
3 0 5 . 8 7 
5 1 6 0 . 6 5 ± 
1 2 8 6 . 8 3 
w a t e r Pe rcen tage 
d is t r ibut ion 
7 3 . 1 ± 
1 9 . 0 
2 6 . 9 ± 
5 . 9 
1 0 0 . 0 
Percen tage as r e l a t e d 
t o t h e initial a m o u n t 
4 8 . 7 ± 
1 2 . 7 
5 2 . 2 ± 
1 1 . 5 
4 9 . 6 ± 
1 2 . 4 
3 5 6 2 . 4 7 ± 
8 6 4 . 9 8 
1 4 6 4 . 5 3 ± 
4 4 9 . 4 5 
5 0 2 7 . 0 ± 
1 3 1 4 . 4 3 
Benzyladenine 
5 p p m 
Percen tage 
d is t r ibu t ion 
7 0 . 9 ± 
1 7 . 2 
2 9 . 1 ± 
8 . 9 
1 0 0 . 0 
Percen t age as re la ted 
t o t h e initial a m o u n t 
4 6 . 0 ± 
1 1 . 2 
5 5 . 1 ± 
1 6 . 9 
4 8 . 3 ± 
1 2 . 6 
t e n s i t y of decompos i t ion was proved be tween ch lorophyl l -a and ch lorophyl l -b , or be tween 
x a n t h o p h y l l s and ca ro t eno ids , on the o t h e r hand, t he ch lorophyl l -caro tenoid r a t i o considerably 
dec reased in isolated shoo t s kept in t h e d a r k and t r e a t e d w i t h distilled w a t e r . Benzyladenine 
m a i n t a i n e d the ch lorophyl l -ca ro tenoid r a t i o nearly a t t h e s ta r t ing level. 
2. Changes of leaf pigment c o n t e n t in bean shoots k e p t under p e r m a n e n t i l luminat ion. 
N o t w i t h s t a n d i n g t h e expecta t ions benzy laden ine did n o t inhibit decompos i t ion either in 
ch lorophyl l s or in ca ro t eno ids . Since, i r respect ive of t h e t r e a t m e n t s , the r a t e of decomposi ton 
w a s similar in ch lo rophy l l s and ca ro t eno ids , the chlorophyl l -carotenoid r a t i o did not change . 
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Fertődi 5 kept in light (/tg/g dry ma t t e r ) 
L u t e i n V i o l a x a n t h i n 
Tota l 
N e o x a n t h i n x a n t h o p h y l l s Carotenes 
Total 
carotenoids 
907.51 ± 
123.20 
266.85 ± 258.94 ± 
31.05 55.50 
1433.3 ± 
209.75 
650.19 ± 
120.68 
2083.49 ± 
330.43 
43.6 ± 
5.9 
12.8 ± 
1.5 
12.4 ± 
2.7 
68.8 31.2 ± 
5.8 
100.0 
1 0 0 . 0 ± 
13.6 
1 0 0 . 0 ± 
11.6 
1 0 0 . 0 ± 
21.4 
1 0 0 . 0 ± 
14.6 
1 0 0 . 0 ± 
18.6 
1 0 0 . 0 ± 
15.9 
445.89 ± 
148.19 
101.23 ± 
15.72 
156.16 ± 
29.43 
703.28 ± 
193.34 
342.06 ± 
83.02 
1045.34 ± 
276.36 
42.7 ± 
14.2 
9.7 ± 
1.5 
14.9 ± 
2.8 
67.3 32.7 ± 
7.9 
100.0 
49.1 ± 
10.3 
37.9 ± 
5.9 
60.3 ± 
11.4 
49.1 ± 
13.5 
52.6 ± 
12.8 
50.2 ± 
13.3 
442.68 -
198.58 
143.89 ± 
60.18 
138.68 ± 
54.07 
725.25 ± 
312.83 
333.36 ± 
110.46 
1058.61 ± 
423.29 
41.8 ± 
18.8 
13.6 ± 
5.7 
13.1 ± 
5.1 
68.5 31.5 ± 
10.4 
100.0 
48.8 ± 
21.9 
53.9 ± 
22.6 
53.6 ± 
20.9 
50.6 ± 
21.8 
51.3 ± 
17.0 
50.8 ± 
20.3 
In leaves t reated wi th distilled wa te r neoxanthin p roved more resistant to photodest ruct ion 
t h a n the other xan thophyl l s , t hough the difference has no t been sufficiently proved. In leaves 
t r ea t ed with benzyladenine this difference totally d isappeared . I t is w o r t h mentioning t h a t 
t h e decomposition of chlorophyll-a was usually somewhat quicker than t h a t of chlorophyll-b, 
the difference was no t , however, significant. 
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Discuss ion 
I t i s n o t clear w i t h w h a t m e c h a n i s m b e n z y l a d e n i n e i n h i b i t s t h e d e c o m p o s i t i o n of chloro-
phy l l s . S o m e au tho r s s u g g e s t e d a c o r r e l a t i o n b e t w e e n t h e d i s a p p e a r a n c e of p r o t e i n s a n d t h a t 
of c h l o r o p h y l l s , because i n i so la ted p l a n t p a r t s or p l an t s k e p t i n t h e d a r k d e g r a d a t i o n of b o t h 
p r o t e i n a n d ch lorophyl l is e x t r e m e l y i n t e n s i v e (MICHAEL 1935) , a n d a t t he s a m e t i m e decompo-
si t ion of b o t h subs t ances c a n be i n h i b i t e d w i t h b e n z y l a d e n i n e . T h e a b o v e c o n c e p t i o n is con-
f i r m e d b y a r ecen t d i s c o v e r y , name ly , t h a t t h e ch lorop las t s c o n t a i n t he c h l o r o p h y l l in t h e fo rm 
o f p r o t e i n - c h l o r o p h y l l c o m p l e x e s ( T H O M A S et al. 1 9 5 3 , Y A K U S H I J I et al. 1 9 6 3 ) . 
L i t e r a r y d a t a a v a i l a b l e are no t , h o w e v e r , u n e q u i v o c a l , n o r could we f o r m a u n i f o r m 
op in ion o n t h e basis of o u r o w n e x p e r i m e n t s , so we m u s t n o t g e t involved i n e x p l a i n i n g t h e 
p h e n o m e n a . 
I n o u r presen t ser ies of e x p e r i m e n t s b e n z y l a d e n i n e t r e a t m e n t only i n h i b i t e d ch lo rophy l l 
d e c o m p o s i t i o n in shoots k e p t in da rkness w h i c h suggests t h a t i nh ib i t i on is in n o connec t ion 
w i th t h e p h o t o s y n t h e t i c p rocesses . I t is s t r i k i n g t h a t t h e s a m e t r e a t m e n t n o t o n l y did n o t 
i nh ib i t t h e d e c o m p o s i t i o n of ca ro teno ids , b u t — in c o n t r a s t w i t h t he r e s u l t s o b t a i n e d b y 
GASPAR — XHAUFFLAIRE (1968) — even s t i m u l a t e d it to s o m e e x t e n t . Th is d i f f e r e n c e is due 
to t h e p e c u l i a r b e h a v i o u r of n e o x a n t h i n . N a m e l y , i t was w i t h th i s c a r o t e n o i d a lone t h a t 
d e c o m p o s i t i o n was s i g n i f i c a n t l y quicker i n l e a v e s t r e a t e d w i t h b e n z y l a d e n i n e a n d k e p t in 
d a r k n e s s . N e o x a n t h i n d i s p l a y e d a pecu l ia r a t t i t u d e in s a m p l e s k e p t in l ight a n d t r e a t e d wi th 
dist i l led w a t e r too, as i t p r o v e d more r e s i s t a n t t h a n t he o t h e r ca ro teno ids . YAMASHITA et 
al. (1969) o b t a i n e d s imi lar r e s u l t s w i th i s o l a t e d sp inach c h l o r o p l a s t s in vitro. 
I t w a s ex t r eme ly i n t e r e s t i n g t h a t i n l e a v e s k e p t in l i g h t t h e r a t io of c h l o r o p h y l l - and 
c a r o t e n o i d decompos i t i on s h o w e d a d e f i n i t e pa ra l l e l i sm i r r e s p e c t i v e of t h e t r e a t m e n t , t h a t is, 
the c h l o r o p h y l l — c a r o t e n o i d r a t i o did n o t c h a n g e s ign i f i can t ly . A s no such p h e n o m e n o n was 
obse rved i n t h e case of s h o o t s k e p t in d a r k n e s s a n d t r e a t e d w i t h dist i l led w a t e r w e m a y well 
a s sume t h a t t h e s t a n d a r d ch lo rophy l l : c a r o t e n o i d ra t io in l e a v e s exposed t o l i g h t is re la ted 
to t he p r o t e c t i v e effect of c a r o t e n o i d s a g a i n s t p h o t o d e s t r u c t i o n . D a t a of o t h e r in vitro experi-
m e n t s c o n f i r m too t h a t c a r o t e n o i d s are m o r e sens i t ive to p h o t o - o x i d a t i o n t h a n ch lo rophy l l s 
( Y A M A S H I T A et al. 1 9 6 9 , S A U E R — CALVIN 1 9 6 2 ) . A c o m p a r i s o n o f l i t e r a t u r e c i t e d a n d o u r d a t a 
suggests t h a t " f e e d b a c k " s y s t e m ensures t h e b a l a n c e of c h l o r o p h y l l and c a r o t e n o i d in p lan t s 
exposed t o l i gh t . 
A c k n o w l e d g e m e n t 
T h e a u t h o r is i n d e b t e d t o Agnes F . D á n i e l dr . (Biological Center of t h e H u n g a r i a n 
A c a d e m y of Science, Szeged) f o r superv i s ing t h e m a n u s c r i p t . 
J . M . Z A T Y K Ó 
H o r t i c u l t u r a l R e s e a r c h S ta t ion 
F e r t ő d 
R E F E R E N C E S 
ANDERSON, J . C.—ROHERTSON, D. S. (1959): Caro teno id p r o t e c t i o n of c h l o r o p h y l l pho to -
d e s t r u c t i o n . Proc . 9 t h I n t e r n a t . B o t . C o n g r . Mont rea l , 2 , 6. 
BURDETT, A . N.—WAREING, P . F . (1966): T h e e f f e c t of k i n e t i n o n t he i n c o r p o r a t i o n of la-
be l l ed o r o t a t e in to v a r i o u s f r ac t ions of r i bonuc le i c acid of exc ised leaf disc. P l a n t a , 71, 
2 0 — 2 6 . 
COMAR, C. L . — ZSCHEILE, F . P . (1942): A n a l y s i s of p l a n t e x t r a c t s fo r ch lo rophy l l s a a n d b 
b y a p h o t o e l e c t r i c s p e c t r o p h o t o m e t r i c m e t h o d . P l a n t P h y s i o l . , 17, 1 9 8 — 2 0 9 . 
FALUDI-DÁNIEL, A.— LÁNG, F . (1964): C h a r a c t e r i s t i c s of c h l o r o p l a s t m u t a n t s w i t h a b n o r m a l 
c a r o t e n o i d synthes is . A n n . Univ . Sei. B u d a p e s t , 7, 77—80. 
Ac la Agronomica Academiae Scientiarum Hungaricae 20, 1971 
F O R U M 4 3 7 
PRANK, S.— KENNEY, A . L . (1955): C h l o r o p h y l l and c a r o t e n o i d d e s t r u c t i o n in t h e absence 
of l igh t in seedl ings of Zea mays L . P l a n t Physiol . , 30, 413—418 . 
G A S P A R , T H . — X H A U F F L A I R E , A . ( 1 9 6 8 ) : A c t i o n c o m p a r é e d e l a 6 - f u r f u r y l a m i n o p u r i n e e t 
d e la 6 - ( y , y - d i m é t h y l a l l y l a m o n o ) p u r i n e sur la c ro i s sance , l ' a c t i v i t é p e r o x y d a s i q u e , 
l a t e n e u r en c h l o r o p h y l l e s e t en c a r o t é n o i d e s . Phys io l . P l a n t . , 21, 792—799 . 
GOLDTHWAITE, J . J.—LAETSCH, W. M. (1967) : Regu la t ion of senescence in b e a n leaf discs 
b y l ight and c h e m i c a l g rowth r e g u l a t o r s . P l a n t P h y s i o l . , 42, 1757—1762. 
G O O D W I N , T . W . ( 1 9 5 5 ) : C a r o t e n o i d s . I n P E A C H . K . — T R A C K Y , M . V . : M o d e r n m e t h o d s o f 
p l a n t analysis , 3 , 273—311 . 
G R I F F I T H S , M . — S I S T R O M , W . R . — C O H E N - B A Z I R E , G . — S T A N I E R , R . Y . ( 1 9 5 5 ) : F u n c t i o n 
of ca ro teno ids i n p h o t o s y n t h e s i s . N a t u r e , 176, 1211 — 1 2 1 5 . 
GUNNING, B. E . S.—BARKLEY, W. K . (1963) : K in in - i nduced d i r e c t t r a n s p o r t a n d senescence 
in de tached o a t l e aves . N a t u r e , 199 , 262 — 265. 
KNYPL, J . S. (1967): I n h i b i t i o n of c h l o r o p h y l l d i s a p p e a r e n c e in senescing leaf t issues b y 
c o u m a r i n and g r o w t h r e t a r d a n t s . A c t a Soc. Bo t . P o l o n . , 36, 589—603. 
MICHAEL, G. (1935): l i b e r die B e z i e h u n g e n zwischen Ch lo rophy l l - u n d E i w e i ß a b b a u im ver-
g i lbenden L a u b b l a t t von T r o p a e o l u m . Z. Bot . , 29, 385—425 . 
MISHRA, D.—MISRA, B . (1968): E f f e c t of g r o w t h r e g u l a t i n g chemica l s on d e g r a d a t i o n of 
ch lorophyl l a n d s t a r c h in d e t a c h e d l eaves of crop p l a n t s . Z. P f l a n z e n p h y s i o l . 58, 207— 
211. 
RICHMOND, A. —LANG, A . (1957): E f f e c t of k ine t i n on p r o t e i n c o n t e n t a n d s u r v i v a l of de-
t a c h e d X a n t h i u m leaves . Science, 125 , 650— 651. 
SAUER, К.—CALVIN, M. (1962): A b s o r p t i o n s p e c t r a of s p i n a c h q u a n t o s o m e s a n d b leaching 
of t he p igmen t s . B i o c h i m . B i o p h y s . A c t a , 64, 3 2 4 — 3 3 9 . 
SCHNEIDER, H. A. W . (1966) : Eine e i n f a c h e Methode zur d ü n n s c h i c h t c h r o m a t o g r a p h i s c h e n 
T r e n n u n g von P i a s t i d e n p i g m e n t e n . J . C h r o m a t o g . , 21 , 448— 453. 
T H O M A S , J . B . B L A A U W , O . H . D U Y S E N S , L . N . M . ( 1 9 5 3 ) : O n t h e r e l a t i o n b e t w e e n s i z e 
a n d p h o t o c h e m i c a l ac t iv i t y of f r a g m e n t s of s p i n a c h g r a n a . B ioch im. B i o p h y s . A c t a , 
1 0 , 2 3 0 - 2 4 0 . 
Y A K U S H I J I , E . — U C H I N O , K . S I G I M U R A , Y . — S H I R A T O R I , I . — T A K A M I Y A , A . ( 1 9 6 3 ) : I s o l a t i o n 
of w a t e r soluble ch lo rophy l l p r o t e i n f r o m leaves of C h e n o p o d i u m a l b u m . Bioch im. 
B i o p h y s . Ac ta , 75 , 293—298. 
Y A M A S H I T A , K . — K O N I S H I , K . — I T O H , M . — SI I IBATA, K . ( 1 9 6 9 ) : P h o t o - b l e a c h i n g o f c a r o -
t e n o i d s re la ted t o t h e electron t r a n s p o r t in ch lo rop las t s . B ioch im. B i o p h y s . A c t a . 172, 
5 1 1 — 5 2 4 . 
D O E S " M O L E C U L A R L O C A L I Z A T I O N " M E A N C O M P A R T M E N T A L I Z A T I O N ? 
W h i l e the a u t h o r m a k e s a case f o r soluble p r o t e i n c h a n g e s as a n i n d i c a t o r of CO.. 
f i x a t i o n , he fails to d i s c u s s t he l i t e r a t u r e o n this s u b j e c t a d e q u a t e l y . F o r e x a m p l e , t h e r e is 
no m e n t i o n of the i n f l u e n c e of chemica l t r e a t m e n t or s t r e s s on r ibu lose d i p h o s p h a t e d ica r -
b o x y l a s e levels, r e p o r t e d b y several w o r k e r s . 
Be low are spec i f i c ques t ions : 
1. W h a t are " D a t a of c p m / m g c h l o r o p h y l l " ? 
2. Does th is s e n t e n c e mean w e i g h t ch lorophyl l p e r u n i t weigh t of t i s sue or a c t i v i t y 
of ch lo rophy l l p e r un i t we igh t of t i s s u e ? If t h e l a t e r d e f i n e speci f ic a c t i v i t y ear l ie r . 
3. The re is n o q u e s t i o n of t h e o p e n i n g s t a t e m e n t of t h i s p a r a g r a p h . W h y say i t ? 
There is p l e n t y of evidence f o r t h e s t a t e m e n t . 
4. Does " m o l e c u l a r l oca l i za t i on" m e a n c o m p a r t m e n t a l i z a t i o n ? D e f i n e " G C M v i r u s " 
L . R A P P A P O R T 
U n i v e r s i t y of B r i s t o l 
Schoo l of C h e m i s t r y 
C a n t o c k ' s Close 
B r i s t o l 
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IS T H E R E A N Y B A S I S T O R E C O M M E N D T H E U S E O F P R O T E I N 
C O N T E N T AS A B A S E ON W H I C H T O E X P R E S S 
P H O T O S Y N T H E T I C R A T E ? 
1. When p h o t o s y n t h e t i c r a t e is expressed on the basis of chlorophyl l t h e r e are, as t he 
a u t h o r states, pa r t i cu l a r cases where t h e pho tosyn the t i c r a t e does no t a p p e a r reasonable. 
T h i s problem was recognized a long t i m e ago as a t roublesome point and is one of t he reasons 
w h y the re is no single w a y of express ing pho tosyn the t i c r a t e . The m e t h o d p roposed by t he 
a u t h o r is no be t t e r (more will be said la te r ) , as, wi thout d o u b t , except ions will also be found 
t o i t . F u r t h e r , it is cer ta in ly widely (if n o t universal ly) accep ted t h a t p h o t o s y n t h e t i c ra tes 
of h igher p lan t leaves are best expressed on a un i t leaf a rea (e.g. r a t e of pho tosyn thes i s per 
d m 2 pe r hour) . The basis for using t h e s e dimensions is t h a t t o t a l p h o t o s y n t h e t i c product ion 
b y a p l an t is t he p r o d u c t of p h o t o s y n t h e t i c r a t e t imes t o t a l leaf area a n d t h e use of other 
d imens ions is of ten meaningless as t h e a u t h o r points ou t . 
2. Tables 1, 2 a n d 3 have a p p a r e n t l y a l ready been publ i shed . T h u s t h e r e is no new 
d a t a here. 
3. The da ta of Tab les 4 and 5 h a v e no th ing to do w i t h t he ma in objec t ive or a rguments 
of t h e paper and are inappropr i a t e . T h e y should he deleted. 
4. Table 6 is t h e ma in evidence fo r t he object ive of t h e paper . As p resen ted i t supports 
t h e a u t h o r ' s claims. I c a n n o t , however , de t e rmine the origin of t he da ta . 
I n t he re la t ive pho tosyn the t i c r a t e s as l isted in Tables 1 a n d 2 and t he p r o t e i n contents 
as l i s t ed in Table 6 m a n y of the va lues g iven are a r i thmet ica l ly wrong. 
Using e.g. p h o t o s y n t h e t i c r a t e s f r o m Table 1 and 2 a n d pro te in con t en t s f r o m Table 6, 
t h e fol lowing values a re calculated. 
T h e values ca lcu la ted on a p r o t e i n basis are ve ry d i f f e ren t f rom those given by the 
a u t h o r a n d show t h a t t he corre la t ion of pho tosyn the t i c r a t e t o to ta l or soluble protein is 
no b e t t e r t h a n the corre la t ion t o ch lo rophyl l con ten t . The re is t h u s no basis t o recommend 
t h e use of protein c o n t e n t as a base on which to express p h o t o s y n t h e t i c r a t e . 
If the pho tosyn the t i c r a tes expressed on a pro te in bas is are new ra tes de te rmined by 
t h e a u t h o r (and n o t t hose in Table 1 a n d 2) t h e n t hey ce r t a in ly c a n n o t be c o m p a r e d to the 
r a t e s expressed on a chlorophyl l basis t h a t are found in t h e men t ioned tables . 
Pho tosyn the t i c C 0 2 f i x a t i o n re la ted t o 
Chlorophyl l To ta l prote i Soluble p ro te in 
m g 1 m g mg 
Apple leaves heal thy 100 100 100 
infected 77 52 126 
Vine leaves hea l thy 100 100 100 
GGM s y m p t o m s slight 46 26 122 
severe 70 6 93 
5. The main r e su l t of the pape r is t h a t the au tho r f i n d s no single basis on which to 
express photosynthes i s t h a t is best for all cases. This is not new or s ta r t l ing as i t is well known 
t h a t a complex sys tem such as p h o t o s y n t h e s i s can be l imi ted b y a n y one of severa l factors. 
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T h e r e is no necessity a n d in fact no r eason t o expect t h a t t h e limiting fac to r will be the same 
in t h e cases outlined b y t h e author . 
D . T . C A N V I N 
Q u e e n ' s Univers i ty 
D e p a r t m e n t of Biology 
K i n g s t o n , Onta r io 
IS T H E U S E OF C H L O R O P H Y L L AS A N I N D I C A T O R O F 
P H O T O S Y N T H E T I C ACTIVITY S T I L L V A L I D ? 
Pozsár has e x a m i n e d the va l id i ty of referring p h o t o s y n t h e t i c ac t iv i ty t o t h e chlorophyl l 
c o n t e n t of leaves. H e is s truck by t h e f a c t t ha t unde r condi t ions of v i rus infect ion, which 
resu l t s in a decreased level of ch lorophyl l , the specific pho tosyn the t i c a c t i v i t y in te rms of 
r ad ioac t ive carbon d iox ide fixed per u n i t chlorophyll in t h e leaf actually increases. He also 
n o t e s t h a t in cases w h e r e synthet ic cy tok in ins have b e e n applied, the i n t e n s i t y of ca rbon 
d iox ide f ixat ion per u n i t of chlorophyll is also " u n r e a s o n a b l y " high. He, t he re fo re , wishes t o 
ques t ion the general ly accepted prac t ice in the l i t e ra ture of referring p h o t o s y n t h e t i c ac t iv i ty 
t o chlorophyll . 
Of course, t h e a r g u m e n t can be proved at a theore t i ca l , as well as an exper imen ta l 
level . We all know t h a t there are c e r t a i n steps in c a r b o n dioxide f ixa t ion wh ich proceed in 
t h e d a r k , and t h a t pho tochemica l a c t i v i t y is only a p o r t i o n of t he total p h o t o s y n t h e t i c process. 
W h y should it t h e r e f o r e be surprising t h a t under cond i t i ons when overall l i gh t is not l imi t ing 
t o t h e process, t h a t d a r k reactions shou ld control the r a t e of CO, f ixa t ion? I f i n d this obvious , 
a n d the au thor ' s e x p e r i m e n t s , in f a c t , show tha t this is t h e case. 
The fact t h a t t h e application of k ine t in increases t h e level of soluble p ro te in , and t h a t 
t h i s in t u r n increases t h e apparent a c t i v i t y of CO, f i x a t i o n per uni t ch lo rophy l l mus t m e a n 
t h a t somewhere in t h e soluble p ro te in f r ac t ion is an e n z y m e which has t o do wi th one of t h e 
r a t e l imit ing s teps in t h e dark f i x a t i o n s teps tha t p r e c e d e t h e pho tochemica l s tep in p h o t o -
synthes i s . 
I t seems to m e t h a t on a gross basis the use of chlorophyl l as a n i nd i ca to r of p h o t o -
s y n t h e t i c act ivi ty is sti l l valid, b u t we m u s t all realize t h a t there are i n s t a n c e s where it is n o t 
an absolu te ind ica to r . 
A . W . G A L S T O N 
D e p a r t m e n t of Bio logy , 
904 K l i n e Biology T o w e r 
Y a l e Univers i ty 
New H a v e n , Conn. 06520 
USA 
CAN T H E S O L U B L E P R O T E I N C O N T E N T O F N O N - A S S I M I L A T I N G 
T I S S U E S I N F L U E N C E C H L O R O P E A S T F U N C T I O N 
IN A S S I M I L A T I N G T I S S U E S ? 
The e x a m p l e s — par t ly t a k e n f r o m the r e l e v a n t l i terature, p a r t l y suppor ted b y P o -
zsár ' s own e x p e r i m e n t a l data — b y which Pozsár discloses the a n o m a l i e s of C 0 2 f i x a t i o n 
r e l a t ed to the ch lo rophy l l level j u s t i f y t h e raising of t h e a b o v e question, a l t h o u g h the e x a m p l e s 
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refer to v i rus infected p l a n t s , t h a t is, to e x t r e m e cases, and t he metabol ism of a d iseased plant 
m a y be changed in m a n y respec ts in the s a m e way as i t is in cytochinin t r e a t e d p l a n t s . 
H e r e are some cons idera t ions r e l a t ed t o the ques t ion: 
T h e carbon dioxide f ixa t ion curves of leaves poor and r i ch in chlorophyll , respect ively, 
follow a s a tu ra t ion k ine t ics dependent of l i gh t in tensi ty . W i t h low light in tens i t ies t he carbon 
dioxide f i xa t i on of chlorophyl l -poor and chlorophyl l - r ich leaves is proport ional w i t h t he chloro-
phyl l c o n t e n t . W i t h h igh l ight intensities c a r b o n dioxide f i x a t i o n becomes, in a c e r t a i n sense, 
i n d e p e n d e n t of l ight i n t e n s i t y , the curve will be parallel w i t h t h e axis of l ight i n t e n s i t y , the 
i n d e p e n d e n t var iable . A t t h i s stage it is no longer the ch lo rophyl l concen t ra t ion hu t the 
var ious — p a r t l y p ro t e in b o u n d — fac tors of " d a r k r e a c t i o n " t h a t determine t h e intensi ty 
of c a rbon dioxide f i xa t i on . 
I n t h e case of d i f f e r e n t chlorophyll concen t ra t ions a c h a n g e in the d i r ec t i on tangent 
of t he cu rve of C 0 2 f i x a t i o n p lo t ted against l i gh t in tens i ty occurs wi th different l i g h t intensi-
ties. P o z s á r dr . s tudied leaves of dif ferent chlorophyl l c o n t e n t obviously a t i den t i ca l l y high 
l ight in tens i t ies , t h a t is, a t a s tage less con t ro l l ed — if a t all — b y chlorophyll concen t r a t i on . 
I n th is w a y Pozsár ' s s t a n d p o i n t can be accep ted , nevertheless t h e concept of " s o l u b l e p ro te in" 
is not sa t i s fac tor i ly de f ined in the paper. T h e m e t h o d of e x t r a c t i o n does not p rec i se ly deter-
mine t h e va lue in tended to be t he new basis of reference e i ther . 
If Pozsár dr. m e a n s t h e to ta l soluble p ro t e in con ten t of a p lan t ho inogeniza te , which 
can be d i sperga ted wi th 0.5 pe r cent NaCl, t h i s opinion can b y no means be cons ide red correct, 
except p e r h a p s in one-celled algae, where a n a t o m i c a l d imensions change within n a r r o w limits, 
and , consequen t ly , the q u a n t i t a t i v e p r o p o r t i o n of the ass imi la t ion appara tus t o t h e other 
pa r t s of t h e cell is re la t ive ly cons t an t . For p l a n t s wi th more c o m p l e x leaf s t ruc tu res , especially 
for d icoty ledons , where t h e locat ion, age, r enewal - ra t e , p l a sm c o n t e n t of plast id cel ls as well 
as the i r q u a n t i t a t i v e p r o p o r t i o n to the ep ide rmis , water vesicles, spongious p a r e n c h y m a can 
be the m o s t diversif ied, P o z s á r ' s definit ion is n o t — in m y op in ion — adequa te . T h e other 
t issue e l emen t ment ioned also contain soluble prote ins in the i r p lasms, and t h e i r quan t i t i e s 
ha rd ly in f luence direct ly t h e ac t iv i ty of ch lo rop las t s of d i sc re te morphological pos i t ion — 
u l t r a s t r u c t u r e — and de f in i t e funct ions . In t h i s con tex t the m e t a b o l i c relations a r e so dis tant 
t h a t cor re la t ions can h a r d l y be thought of. However , this op in ion does have " h i s t o r i c a l " 
p receden t s in t he l i t e ra ture . I n one of his p a p e r s " A new c o n c e p t of p h o t o s y n t h e s i s " (1931) 
which opposes t he "phys ico -chemica l " a p p r o a c h of B lackman a n d o t h e r c o n t e m p o r a r y au thors , 
K o s t y c h e v supposes t h a t c e r t a i n external f a c t o r s — beside chlorophyl l c o n c e n t r a t i o n — 
inf luence photosynthes i s , b y s t imula t ing or i nh ib i t i ng — if n o t exclusively but in a n indirect 
way — ce r t a in not specif ied p lasmat ic act iv i t ies . 
T h e ques t ion would be m u c h easier a n s w e r e d if it were c lear whether the t e r m "soluble 
p r o t e i n " refers to the soluble proteins of ch lorop las t s , as is sugges ted by the las t sect ion of 
the pape r (. . . wi th the soluble protein c o n t e n t of the ch loroplas t . . .). 
T h e f i r s t problem is t h a t the methodologica l descript ion does not decidedly refer to 
the isolat ion of the ch loroplas t s , moreover t h e sentence on p a g e 4 . . . "The leaf pro te ins 
were f r ac t i oned wi th 0.5 pe r cen t NaCl . . . " sugges ts t ha t t he soluble protein f r a c t i o n was 
isolated f r o m the whole leaf homogenizate . J u d g e m e n t is made sti l l more difficult b y t h e fact 
t h a t the 0.5 per cent NaCl e x t r a c t practically c o n t a i n s q u a n t i t a t i v e l y the non-prote in n i t rogen 
(free amino acids) f rac t ion too , the q u a n t i t y of which may be in certain cases m o r e t han 
half of t h e t o t a l a m o u n t of ex t r ac t ed n i t rogen. 
The 0.5 p e r c e n t NaCl has a hypotonic e f fec t on the p l a s t i d s as it is of a m u c h lower 
concen t ra t ion t h a n the izotonic 0.35 M = 2.07 p e r c e n t NaCl. In t h i s solution the p l a s t i d s open 
and the p ro t e in comes ou t of t h e double l aye r of thylakoid m e m b r a n c e s . Thus, if t h e te rm 
"soluble p r o t e i n " refers to t h e pro te in of the p l a s t i d s only, the sugges t ion is clear, as i t means 
t he func t iona l p a r t of the ass imi la t ion a p p a r a t u s for basis of r e fe rence . 
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In the i r paper " F r a c t i o n I P r o t e i n " ( A n n u a l Review of P l a n t Physiology vol . 21. 
1970. pp . 325— 358) K a w a s h i m a a n d Wi ldman po in t out t h a t e.g. f r o m a spinach leaf homo-
genizate a high molecular weight p ro te in f rac t ion can be isolated w h i c h — af te r u l t r acen t r i fuga t -
ed and electroforetically t r e a t e d — can be considered homogeneous ; this pro te in f rac t ion 
is a b o u t 50 percen t of the t o t a l a m o u n t of leaf p ro te in and can be i so la ted f rom leaves of the 
most d ivers i f ied species. Accord ing to WISSELBACH (1956) this is t h e enzyme-like p r o t e i n t h a t 
ca ta lyses PGA (3-phoshorus-glyceric acid) f o r m a t i o n f rom c a r b o n dioxide a n d R u D P 
(d-ribulose 1-5-diphosphate) . A pro te in of th is t y p e and, in m y opinion, Pozsár ' s "so luble 
p r o t e i n " is ident ical with i t — is really a f ac to r which can d e t e r m i n e t he in tens i ty of ca rbon 
dioxide f ixa t ion and, in th is sense, m a y serve as basis of reference t o ca rbon dioxide f i x a t i o n . 
L . G Á S P Á R 
Agr icu l tu ra l Research I n s t i t u t e 
H u n g a r i a n Academy of Sciences 
Mar tonvásár 
IS S T A T I S T I C A L E V A L U A T I O N NOT N E C E S S A R Y ? 
It is qu i te possible t h a t t he au thor is r i gh t in his conclusions and his new a p p r o a c h 
could br ing valuable results . Never theless , in m y opinion, i t w o u l d not be logical enough 
to p re sen t his paper in t he f o r m I received i t . T h e figures given in Tab le 5 clearly show an 
exponen t ia l func t ion , not a l inear one. In m y opinion, to p rove t h e conclusions, t h e results 
should be given either with s t a n d a r d errors or t h e y should be e v a l u a t e d s ta t is t ica l ly . 
A . B A B I C K Y 
Czechoslovak A c a d e m y of Sciences 
I s o t o p e Labora to ry 
of the I n s t i t u t e s for Biological Research 
P r a g u e 4-Krc, 
B u d e j o v i c k á 1083 
D O E S CLOSE C O R R E L A T I O N M E A N AN O R D E R O F S U C C E S S I O N ? 
B y exper iments on C 1 4 0 2 u p t a k e t h e a u t h o r points o u t t h a t increase a n d decrease 
induced by externa l condi t ions (diseases, cy tok in in t r ea tmen t ) in pho tosyn thes i s s eem to show 
a m u c h closer correlation w i t h t h e NaCl-soluble pro te in con ten t of ehloroplasts t h a n eitheir 
wi th a n y o ther protein f r a c t i o n s or wi th the c h a n g e s of chlorophyll con ten t . The a u t h o r draws 
the conclusion tha t the increas ing and decreas ing effect exer ted on pho tosyn thes i s is caused 
b y these soluble proteins. 
T h e problem raised is in teres t ing , t h e technique appl ied is up- to -da te ; never the less 
it would be desirable to c l a r i fy several po in t s in the paper. 
I t is not clear, how t h e a u t h o r applies t h e Kje ldahl p r o c e d u r e to the N H , O H - s o l u b l e 
f r ac t ion . 
H e refers to corre la t ions several t imes b u t does not give t h e coeff icients . T h u s t h e reader 
is compel led to de te rmine t h e e x t e n t of co r re la t ion by a rough e s t i m a t e . I t would h a v e been 
desirable t o complement T a b l e 6 by co lumns conta in ing the coef f i c i en t s of cor re la t ions com-
p a r e d . 
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Close co r r e l a t i on does not m e a n an order of succession at t h e s a m e time (cause a n d 
e f f ec t ) , though in t h e present case t h e de te rmina t ive ro le of soluble p r o t e i n seems obv ious . 
T h e author ' s s t a n d p o i n t would he m o r e suggestive if i n t he 6 — 8 h o u r exper iment , s imilar ly 
t o Fig 5 he m e a s u r e d the trends of so lub le protein a n d pho tosyn thes i s e v e r y hour. If t h r o u g h -
o u t t he whole e x p e r i m e n t the c o r r e l a t i o n coefficient r ema ined on t h e s a m e level or, on t h e 
o t h e r hand, d e v e l o p m e n t in one q u a n t i t y lagged b e h i n d tha t of t h e o t h e r , the conclusions 
w o u l d obviously b e dif ferent . 
B . J Á M B O R 
" E ö t v ö s L o r á n d " Univers i ty 
D e p a r t m e n t of P lan t Phys io logy 
B u d a p e s t V I I I , 
M ú z e u m k r t 4/a 
W H I C H F O R M OF P R O T E I N ? 
1. The s k e t c h is too long a n d confused . An u n d e r s t a n d a b l e a r r a n g e m e n t should h a v e 
b e e n used in the in t roduc t ion , m a t e r i a l and method, r e su l t s and discussions , etc. Wi th in t h e 
c h a p t e r " R e s u l t s " , sub-t i t les should h a v e been appl ied . I t would h a v e resul ted in a b e t t e r 
a n d clear p r e sen t a t i on of the resul ts . Also he should h a v e found more su i t ab l e phrases. 
2. As for t h e sub jec t ma t t e r I s h o u l d like to n o t e t h a t the base of compar i son for chloro-
p h y l l or protein is well known by al l colleagues. I n s p i t e of this it w o u l d be desirable if M r . 
P o z s á r , jus t on t h e bases of pa tho log ica l ly changed t i ssues , inves t iga ted once again t h e dis-
c r e p a n c y of the e x a m i n a t i o n m e t h o d s , especially if th is invest igat ion were per formed in a m o r e 
s t r i c t and clear f o r m . Fi rs t of all i t shou ld have been explained, w h i c h f o r m of protein was 
conce rned . The p r o t e i n of chloroplas t ha s been deal t w i t h in the t e x t . I could only g a t h e r 
f r o m the methode t h a t the protein f r a c t i o n s of all cells a r e in quest ion. 
O . K A N D L E R 
B o t a n i s c h e s In s t i t u t de r 
U n i v e r s i t ä t München 
8 München 19, 
Menzinger Straße 67 
S H O U L D T H E I N T E N S I T Y O F P H O T O S Y N T H E T I C C A R B O N D I O X I D E 
F I X A T I O N BE R E L A T E D TO T H E C H L O R O P H Y L L C O N T E N T ? 
Dr. Pozsár m a k e s a n o t e w o r t h y s ta tement on a n i m p o r t a n t s u b j e c t . I assume t h e r e 
is n o need to s u p p o r t t he impor tance of photosynthe t ic c a rbon dioxide f i x a t i o n . The a u t h o r ' s 
obse rva t ion , n a m e l y t h a t the i n t e n s i t y of this process is re la ted to t he so luble protein c o n t e n t 
of t h e leaves seems w o r t h noting on t h e grounds as fol lows. 
The ch lorophyl l content is f r e q u e n t l y used — w i t h o u t any spec ia l considerat ion — 
a s a basis of the ca lcu la t ion of t h e i n t e n s i t y of the pho tosyn the t i c c a r b o n dioxide f i x a t i o n . 
Never the less the p r o c e s s itself is a c a r b o x y l a t o r y enzyme react ion, which does not even r equ i r e 
e n e r g y input . Due t o the i r role in t h e l i g h t energy c o n v e r t i n g react ions, t h e chlorophylls cer-
t a i n l y take some p a r t in the syn thes i s of the acceptor of CO, (phosphory la t ion of r ibulose 
p h o s p h a t e ) and in t h e fu r the r conve r s ion of the p roduc t of the f ixa t ion ( r educ t ion of phospho-
g lycer ic acid) b u t i t is unreasonable t o s p e a k about the i r photochemica l a c t i v i t y in this process . 
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One can f i n d da ta in t h e l i t e ra ture t h a t t h e rate- l imit ing s t e p of the p h o t o s y n t h e t i c 
carbon dioxide f i x a t i o n would b e t h e ca rboxy la to ry react ion. If o t h e r circumstances d o n o t 
inhib i t t he a c t i v i t y of ribulose d iphospha te c a r b o x y l a s e , which is t h e enzyme g o v e r n i n g t h e 
ca rboxyla t ion , t h e a m o u n t of t h e enzyme is the l i m i t t o the i n t e n s i t y of the process. T a k i n g 
in to account F r a c t i o n I p ro te in as the major f r a c t i o n of the soluble proteins of t h e l e a v e s 
(and it has on ly R u D P ca rboxy lase activity) we a r r i v e a t the a u t h o r ' s f ina l conclusion. 
In m y op in ion the s t a t e m e n t s are correct a n d we must cons ider b o t h of t h e m : 1. t h e 
in tens i ty of t h e pho tosyn the t i c c a r b o n dioxide f i x a t i o n should not b e calculated to t h e ch loro-
phyll con ten t a n d 2. the soluble p ro te in content of t h e leaves seems to be acceptable f o r th i s 
purpose. 
K . SZÁSZ 
D e p a r t m e n t of B o t a n y , 
A t t i l a József U n i v e r s i t y 
Szeged 
Táncsics u . 2. 
I S T H E L E V E L O F S O L U B L E P R O T E I N D E P E N D E N T 
ON T H E RATE O F C 0 2 F I X A T I O N ? 
E a r l y expe r imen t s of WILLSTÄTTER — STOLL (1918) showed clearly tha t t h e r a t e of 
photosynthes i s in leaves is n o t r e l a t ed to ch lo rophy l l content un less t he chlorophyll c o n t e n t 
is reduced t o a small f r ac t ion of i t s normal l eve l . Exper imen t s b y Bidwell and c o - w o r k e r s 
( T U R N E R — B I D W E L L 1 9 6 5 ; B I D W E L L — T U R N E R 1 9 6 6 ; B I D W E L L — T U R N E R - L E V I N — T A M Á S 
1969) showed t h a t sudden, d r a m a t i c changes in t h e r a t e of C 0 2 f i x a t i o n of leaves c a u s e d by 
t he appl ica t ion of auxin were d u e to increased e f f i c i ency of the d a r k reactions (Ca lv in cycle 
and associated react ions) , n o t t o increased e f f i c i ency of l igh t - t rapp ing . These r e sponses were 
so rapid as t o p rec lude any poss ib i l i ty t ha t a c h a n g e i n chlorophyll c o n t e n t could h a v e a f f e c t e d 
C0 2 - f ixa t ion r a t e s . Shor t - t e rm increases in the r a t e of photosynthes i s result ing f rom t h e appli-
cat ion of phys ica l shock h a v e b e e n noted by R u s s i a n workers (BELIKOV 1960; GONCHARICK 
1962), and s imi lar increases fo l lowing infection of leaves by ru s t f u n g u s have been obse rved 
(LIVNE 1964). All these obse rva t ions clearly s u p p o r t t he conclusion reached by POZSÁR (1971) 
t h a t unde r n o r m a l condit ions t h e ra te of p h o t o s y n t h e s i s in leaves is no t in a n y w a y re l a t ed 
to the ch lo rophyl l content . T h u s t he concept of " spec i f i c a c t i v i t y " of chlorophyll i n pho to -
synthesis is meaningless a n d shou ld be dropped f r o m use. The l ikel ihood tha t u n d e r n o r m a l 
c i rcumstances t h e " p h o t o c h e m i c a l efficiency" of chlorophyl l is in a n y w a y related t o a c t u a l 
r a tes of CO 2 f i x a t i o n appears v e r y remote. 
POZSÁR (1971) has sugges ted tha t the c o n t e n t of soluble p r o t e i n s in a leaf p r o v i d e s a 
useful i ndex or base-line u p o n w h i c h to express r a t e s of C 0 2 f i x a t i o n . I t is evident t h a t p ro te in 
metabol ism is a m a j o r f u n c t i o n of chloroplasts a n d an i m p o r t a n t aspect of p h o t o s y n t h e s i s 
(HELLEBUST — BIDWELL 1963a, 1963b, 1964a, 1964b) . Recent expe r imen t s in t h e a u t h o r ' s 
laboratory show t h a t soluble p ro te ins are a m o n g t h e earliest p r o d u c t s of p h o t o s y n t h e s i s in 
chl ii oplas ts (Tab le 1). 
The q u e s t i o n can t h u s be raised: Is t h e l eve l of soluble p r o t e i n dependent o n t h e r a t e 
of CO 2 f i x a t i o n , r a t h e r t h a n , as Pozsár has sugges t ed , the rate of C 0 2 f ixa t ion being d e p e n d e n t 
on the level of soluble p r o t e i n ? I t seems l ikely t h a t many of t h e enzymes of C 0 2 f i x a t i o n 
are pa r t s of complexes , and as s u c h may no rma l ly h a v e a ra ther c losely f ixed rat io t o s t r u c t u r a l 
components of t h e chloroplas t (including inso lub le protein). T h e d a t a in Table 1 s h o w t h a t 
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Table 1 
Products of photosynthesis located in chloroplasts of wheat leaves 
(Leaves were s u p p l i e d 1 4 C0 2 fo r 30 mil l . , then f r o z e n i n l iquid n i t rogen . T h e frozen l e a v e s w e r e 
freeze-dried, t h e n t r e a t e d in a V i r t i s homogenizer i n a ca rbon t e t r a c h l o r i d e - h e x a n e m i x t u r e . 
Chloroplasts w e r e isolated b y c e n t r i f u g á d o n on a d e n s i t y g rad ien t of c a r b o n t e t r a c h l o r i d e -
h e x a n e m i x t u r e s , a n d assayed. T h e y were then s u s p e n d e d in aqueous s u c r o s e buffer , i m m e d i a t e -
ly co l lec ted b y c e n t r i f u g á d o n a n d re -as sayed . T h e washing p r o c e s s was r e p e a t e d ) 
Rad ioac t i ve fraction 
Non-aqueous chloroplasts 
Chloroplasts washed once 
with aqueous buf fe r 
Chloroplasts w a s h e d 
twice with aqueous b u f f e r 
c / m / m g non-aqueous chloroplas ts 
Sugars  8700 7200 1300 
P h o s p h o r y l a t e d i n t e r m e d i a t e s 6900 6300 1800 
F r e e amino a c i d s  1300 900 200 
Pro te ins  3400 700 200 
p h o t o s y n t h e t i c a l l y p roduced p r o t e i n s a re not on ly v e r y soluble, b u t so easily r e m o v e d b y 
wash ing t h a t i t a p p e a r s unl ikely t h a t t h e y are e n z y m i c i n na tu r e , or c o n n e c t e d wi th t h e p r o c e s s 
of CO, f i x a t i o n . F u r t h e r m o r e , w h i l e k inins c e r t a i n l y c a u s e an i nc rea se i n protein s y n t h e s i s , 
i t is probable t h a t t h i s increase is t h e resul t of i n c r e a s e d C 0 2 f i x a t i o n , n o t i ts cause. WARING 
et al. (1968) h a v e s h o w n t h a t k i n i n s , l ike auxins, s t i m u l a t e p h o t o s y n t h e s i s . 
Thus I b e l i e v e t h a t the q u e s t i o n of i n t e r d e p e n d e n c e of CO, f i x a t i o n a n d soluble p r o t e i n 
i s still open, a n d c a n n o t yet be a n s w e r e d on t he b a s i s of our p resen t k n o w l e d g e . T h e n o r m a l 
r a t e s of p h o t o s y n t h e s i s are p r o b a b l y u n d e r some s o r t of energy-charge c o n t r o l (for e x a m p l e see 
B A S S H A M — K I R K 1 9 6 8 , H O R I O et al. 1 9 6 8 ) . 
The c o n c e p t t h a t is likely t o b e m o s t va luab le t o ag r i cu l tu ra l s c i e n t i s t s is " t h e m a x i m u m 
a t t a i n a b l e r a t e of C O , f i xa t i on" . T h i s m a y well be e x p r e s s e d on the bas i s of t he area of g r o u n d 
s u r f a c e occup ied ; t h a t is the u l t i m a t e measure of p r o d u c t i v i t y . 
R . G . S . B I D W E L L 
D e p a r t m e n t of B i o l o g y , 
Q u e e n ' s U n i v e r s i t y . 
K i n g s t o n , O n t a r i o , 
Canada 
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DO S O L U B L E P R O T E I N S G I V E A T R U E P I C T U R E 
O F T H E I N T E N S I T Y O F C A R B O N D I O X I D E F I X A T I O N 
A F T E R A P H O T O S Y N T H E T I C A C T I V I T Y O F L O N G E R D U R A T I O N ? 
T h e a u t h o r ' s p a p e r s u g g e s t s t ha t t he i n t e n s i t y of p h o t o s y n t h e t i c carbon d i o x i d e f i x a t i o n 
should b e r e l a t e d to t he p r o t e i n - , or even m o r e so t o the soluble p r o t e i n uni t of t h e p l a n t organ 
or o r g a n i s m r a t h e r t han t o t h e a m o u n t of c h l o r o p h y l l . H e s u p p o r t s his s u g g e s t i o n w i t h an 
o b s e r v a t i o n of his, n a m e l y , t h a t on the o n e h a n d even w i th a n ex t remely l ow ch lo rophy l l 
c o n t e n t — f r e q u e n t l y o c c u r r i n g as a result of v i r u s infect ion — i n c r e a s e in the p r o t e i n c o n t e n t 
m a y b e cons ide rab l e , s o m e t i m e s greater t h a n t h a t in the c o n t r o l ; and t h a t on t h e o ther , 
under t h e i n f l u e n c e of c y t o k i n i n t r e a t m e n t e v e n w i t h a slight i n c r e a s e in the c h l o r o p h y l l level 
the i n t e n s i t y of carbon d i o x i d e f ixa t ion is h i g h . Q u a n t i t a t i v e c h a n g e s in the c h l o r o p h y l l con-
t e n t a r e n o t p ropo r t i ona l w i t h t he i n t e n s i t y of c a r b o n d iox ide f i x a t i o n , t h e r e f o r e t h e l a t t e r 
c a n n o t r e l i a b l y be c h a r a c t e r i z e d by them. T h e a u t h o r ' s sugges t ion is wor th n o t i n g ; n e v e r t h e -
less, as in e v e r y e x p e r i m e n t a l work the r e s u l t s c o n f i r m the t h e o r y , here also, o n l y t h e experi-
m e n t a l r e s u l t s can decide t h e ques t ion . The a u t h o r ha s arr ived a t t h e above c o n c l u s i o n b y using 
the m a t e r i a l of his earl ier e x p e r i m e n t s a n d r ev i s i ng his t h e o r i e s based on t h e m . T h e da ta 
p r e s e n t e d in his paper s u p p o r t his s u g g e s t i o n t h a t p h o t o s y n t h e t i c carbon d i o x i d e f i xa t i on 
should b e r e l a t e d to t h e s o l u b l e proteins. H i s r e s u l t s show, f u r t h e r , t h a t i t is s o l u b l e prote in 
r a t h e r t h a n t o t a l - or s k e l e t o n prote ins t h a t d i s p l a y the h ighes t r e a c t i v i t y to a c t i o n s induc ing 
p h o t o s y n t h e s i s . The a u t h o r ' s p a p e r also c o n t a i n s a discussion a b o u t t h e causal r e l a t i o n be tween 
the q u a n t i t a t i v e changes of chlorophyl l c o n t e n t a n d those of p r o t e i n con ten t . H o w e v e r , we 
should l i ke t o know the a u t h o r ' s opinion as t o w h e t h e r these phys io log ica l p roces se s on ly t ake 
place w i t h t h i s t y p e of a c t i o n mechan i sm u n d e r induced c o n d i t i o n s (e.g. v i rus i n f e c t i o n , cyto-
kinin t r e a t m e n t ) , or w h e t h e r n a t u r a l p h o t o s y n t h e t i c ca rbon d i o x i d e f ixa t ion h a s t h e same 
m e c h a n i s m . F u r t h e r m o r e , w h e t h e r the so lub l e p r o t e i n s also g i v e a t r u e pic ture of t h e in t ens i ty 
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of carbon dioxide f i x a t i o n af ter a pho tosyn the t i c a c t i v i t y of longer d u r a t i o n . Namely, t h e s e 
f ac t s influence t h e correctness of t h e t h e o r y on one h a n d , a n d its general v a l i d i t y 011 the o t h e r , 
which is not a negl igible aspect. 
The a u t h o r ' s suggestion — as conf i rmed by his e x p e r i m e n t s — is w o r t h being publ i shed 
a n d discussed. 
M . M A R Ó T I 
Loránd E ö t v ö s Universi ty 
Depar tmen t of. P l a n t Physiology 
B u d a p e s t V I I I . 
M u z e u m kr t . 4/a. 
IS IT J U S T I F I E D TO R E L A T E T H E P H O T O S Y N T H E T I C A C T I V I T Y 
TO T H E S O L U B L E P R O T E I N S ? 
In his p a p e r B. I . Pozsár ra ises an impor tan t q u e s t i o n . The e x t e n t of pho tosyn the t ic 
ac t iv i ty is highly in f luenced by t h e a m o u n t of the so lub le protein f r a c t i o n according to m y 
own exper iments as well. I t seems p robab le , however , t h a t in the s a m e w a y as chlorophyl l 
concent ra t ion in i tself does not cha rac t e r i ze the p h o t o s y n t h e t i c activity, t h e a m o u n t of soluble 
p ro te in f ract ion c a n only charac ter ize i t in special cases . 
When w o r k i n g u n d e r condi t ions ve ry different f r o m those of the a u t h o r I experienced 
t h a t the protein f r a c t i o n had an i n f l uence on the p h o t o s y n t h e t i c ac t iv i ty . I n a plant h o m o -
genisa te , p h o t o s y n t h e t i c c a r b o h y d r a t e format ion f r o m t h e intermediers w a s measured ( w i t h 
t h e assumpt ion t h a t u n d e r the i n f l uence of long d u r a t i o n intensive i l l umina t ion a g r a d u a l 
bui ld ing up of c a r b o h y d r a t e s also t a k e s place beside t h e Calvin cycle). W h e n homogenizat ion 
is carr ied out w i t h t h e same p lant , u n d e r the same c o n d i t i o n s but with a severa l days' d i f fe r -
ence, the values c a n n o t be reproduced even with t he s u b s t r a t e ad jus ted t o t h e same chloro-
phyl l concent ra t ion . T h e phenomenon is supposed t o b e caused by t h e d i f ferent a m o u n t s 
of enzymes (prote ins) . When a p p l y i n g enzyme i n h i b i t o r s we obtained a well measurab le 
pho tosyn the t ic e f f e c t w i t h f o r m a l d e h y d e substrate in t h e ease when t h e reason for not ob-
serving any p h o t o s y n t h e t i c ac t iv i ty w i t h o u t inhibi tors w a s the high e x t e n t of ca rbohydra t e 
f o rma t ion even in t h e da rk . On the o t h e r hand , when p h o t o s y n t h e t i c ac t i v i t y could be observed 
even wi thout an i n h i b i t o r , then the s a m e amount of i n h i b i t o r as in the f o r m e r case inhib i ted 
a n y change in t h e c a r b o h y d r a t e s e i t he r in light or in t h e d a r k . This is s h o w n by Table 1. I n 
th i s case the a m o u n t of enzymes (p ro te ins ) was supposed ly less compared t o the chlorophyll . 
In a s u b s e q u e n t exper iment a p a r t of the same p l a n t homogenisate was used d i rec t ly 
(Table 2. A). The r e s t was washed twice , t h a t is, mos t of i t s soluble p r o t e i n s were removed . 
One half was d i r ec t ly used (Table 2. B) , the other half w a s added cyste ine i n such quan t i t i e s 
(Table 2. C) as to m a k e i ts — SH re s idue content i d e n t i c a l wi th tha t of t h e unwashed h o m o -
genisate. In all e x p e r i m e n t s men t ioned 0.04 /imol/ml ch lo rophy l l concen t ra t ion and an a m o u n t 
of 10 _ 4 g/ml c a r b o n c o n t e n t of the in te rmediers were u s e d uniformly. 
As it can be seen f rom the d a t a of Table 2 the r e m o v a l of the soluble proteins reduced 
t he ex ten t of p h o t o s y n t h e t i c ac t iv i ty v e r y much, espec ia l ly in the case of in termediers w i t h 
lower carbon a tomic numbers . On t h e o the r hand, c y s t e i n e which plays t h e single role of an 
e n z y m e ac t iva tor shows an effect s imi la r to t ha t of t h e prote ins , t hough i t does not a t t a i n 
t he ex ten t of p h o t o s y n t h e t i c ac t iv i ty displayed by t he u n w a s h e d homogen i sa te . 
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Table 1 
Effect of enzyme inhibitors on the photosynthetic activity of plant horn ogenisates 
Photosyn the t i c carbo-
hydrate increase per 10 y 
T r e a t m e n t chlorophyll as expressed 
A ) Formaldehyde  
Formaldehyde + 5 • 1 0 - 5 M / m l HgCl 2 . . 
B ) Formaldehyde  
Formaldehyde + 25 • 10" 5 M/ml N a F . . 
C) Fo rma ldehyde  
Formaldehyde + 50 • 10" 5 M/ml 
Selecton В  
D) Formaldehyde  
Formaldehyde + 5 • 10-"' M/ml H g C l 2 
Formaldehyde + 25 • 10~5 M/ml N a F . . . 
0.00 
6.55 
0.00 
13.09 
0.00 
4.40 
14.91 
0.00 
0.00 
Table 2 
Effect of preliminary treatment on photosynthetic activity in plant homogenisates 
Trea tmen t 
Photosynthe t ic carbohydrate increase pe r 10 y 
chlorophyl l as expressed in y 
to ta l hexose pentose 
A ) Formaldehyde  6 . 0 8 5 . 2 4 0 . 8 4 
Glycolaldehyde . . . . 4 . 6 3 4 . 4 0 0 . 2 3 
Glycer inaldehyde . . 5 . 1 8 1 . 6 7 3 . 5 1 
B ) Forma ldehyde  0 . 5 3 0 . 4 9 0 . 0 4 
Glycolaldehyde . . . . 1 . 2 5 0 . 8 9 0 . 3 6 
Glycer inaldehyde . . 4 . 6 0 2 . 4 0 2 . 2 0 
C) Fo rma ldehyde  3 . 0 1 2 . 7 0 0 . 3 1 
Glycolaldehyde . . . . 5 . 0 1 3 . 3 2 1 . 6 9 
Glycer inaldehyde . . 5 . 7 1 1 . 9 2 3 . 7 9 
T h e above conf i rms t h e f a c t t h a t ch lorophyl l concent ra t ion in itself does not de t ermine 
the e x t e n t of pho tosyn the t i c ac t iv i ty . On t he o t h e r hand, the p h e n o m e n o n of c y s t e i n e used 
as enzyme ac t i va to r pa r t ly rep lac ing the prote ins ( sa l t soluble) r e m o v e d makes it q u e s t i o n a b l e 
whether i t is jus t i f ied to r e l a t e t h e pho tosyn the t i c ac t iv i ty to t h e soluble proteins. 
Á . N O S T I C Z I U S 
U n i v e r s i t y of Agricultural Sciences 
Kesz the ly , Facul ty of Agr icu l tu re , 
Mosonmagya róvá r 
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IS T H E R E A C O R R E L A T I O N B E T W E E N T H E P R O T E I N C O N T E N T A N D 
P H O T O S Y N T H E T I C A C T I V I T Y OF L E A V E S O F BOTH I L L A N D H E A L T H Y 
P L A N T S ? 
E x p e r i m e n t a l material d e a l t wi th in B. I. P o z s á r ' s article " T h e de te rmina t ion of the 
effect of soluble p ro te in level on t h e intensity of pho tosyn the t i c c a r b o n dioxide f i x a t i o n " is 
of great i n t e r e s t . T h e problem of t h e interaction b e t w e e n the soluble p r o t e i n content of leaves 
a n d p h o t o s y n t h e t i c activity h a s d r a w n the r e sea rche r s ' a t t en t ion . Therefore i t h a s been 
established t h a t such interact ion is postulated b y t h e presence of a basic f e rmen t fo r the 
pho tosyn the t ic cycle , carbon-carboxy-dismutase , in t h e soluble p r o t e i n f ract ion ( f r a c t i o n 1). 
There w a s a correlation de t e rmined b e t w e e n the soluble p r o t e i n content of l eaves 
a n d the level of t h e i r photosynthe t ic ac t iv i ty under increas ing light i n t e n s i t y , in the i l l umina t ed 
a n d kept in d a r k clones of Sol idago (BJÖRKMAN 1964, 1968). 
A s imi lar e f f ec t was found in t h e leaves of Vic ia faba as d e p e n d i n g on the age of p l a n t s 
a n d the level of N nutri t ion p r o v i d e d (ANDREEVA — AVDEEVA 1970). 
There a r e , also, data r e p r e s e n t i n g the ex i s t ence of a similar cor re la t ion in t h e p l a n t s , 
depending on t h e i r eytokinin c o n t e n t (WAREING KHALIFA—TREHARN 1968). 
Leaving o u t of cons idera t ion the simplified extract ion m e t h o d of soluble p r o t e i n , 
t h e data given b y Pozsár ra ther convincingly show t h a t there is also a correlation b e t w e e n 
t h e protein c o n t e n t and p h o t o s y n t h e t i c activity of leaves of bo th ill a n d heal thy p l a n t s . 
Many of t h e da ta provided l e t us suppose t h e f a c t to be of c o m m o n character . 
A . K U R S A N O V 
T i m i r y a z e v I n s t i t u t e of P lant Phys io logy 
of the Academy of Sciences of 
U S S R 
Moscow, V-71 
Lenin A v e n u e 33. 
IS S O L U B L E P R O T E I N A B E T T E R P H Y S I O L O G I C A L B A S E T H A N 
C H L O R O P H Y L L ? 
The h y p o t h e s e s presented in th i s paper a r e p o o r l y drawn a n d inadequa te ly t e s t e d . 
I n some eases t h e resul ts are i n c o n s i s t e n t with t h e conclusions. For e x a m p l e , from t h e d a t a 
o n virus-infected g r ape , it seems t o be argued t h a t so luble protein is a be t t e r physiological 
b a s e than ch lo rophy l l because P a c t i v i t y per u n i t p r o t e i n declines m o r e with a d v a n c e in 
disease s y m p t o m s t h a n for ch lo rophy l l , while f r o m t h e da t a with c y t o k i n i n s on bean , i t is 
a rgued to be a b e t t e r base because specific a c t i v i t y does not change . Fu r the r , t he a c t i v e 
incorporat ion of g lyc ine into soluble pro te in is no t a p p r o p r i a t e evidence f rom which t o con-
c l u d e that P r a t e is bes t expressed on a soluble p r o t e i n basis — it s imp ly suggests t h a t t h e r e 
is a high t u r n o v e r in soluble p ro te in . T h e supposed "co r re l a t ions" are n o t established s t a t i s -
t ica l ly and since o n l y relative P d a t a a re presented, t h e y cannot be es tab l i shed qua l i t a t i ve ly 
f r o m an e x a m i n a t i o n of the da ta . 
I n t e r p r e t a t i o n of the results is m a d e even m o r e d i f f i cu l t by the a b s e n c e of any r e f e r ence 
t o how the p lan t m a t e r i a l was grown (is i t from the f i e l d , under compe t i t i on , or f rom a glass-
house ; grown in h i g h or low l i gh t ? ) a n d on how pho tosyn thes i s was m e a s u r e d (high or low 
l i g h t ; stirred c h a n b e r ; normal CO., levels?). 
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Fina l ly , the basic pu rpose of this research, to c o m p a r e chlorophyll a n d p ro te in as 
physiological bases seems quest ionable to me. E a c h lias m e r i t s in par t icular s i tua t ions , bu t 
more in specialized physiological studies t h a n in field work w h e r e i t is essential t h a t leaf area 
be used as the basic re fe rence . 
R . S . L O O M I S 
D e p a r t m e n t of Scient i f ic and 
Industr ia l R e s e a r c h 
P l a n t Physiology Division 
Palmers ton N o r t h , 
New Zea land 
A R E T H E C H A N G E S CAUSED BY V I R U S I N F E C T I O N S O R E X P E R I M E N T A L 
T R E A T M E N T S I N T H E P H O T O S Y N T H E T I C A C T I V I T Y C O N N E C T E D W I T H 
M O L E C U L A R AND U L T R A S T R U C T U R A L C H A N G E S ? 
T h e chloroplast is known to h a v e a ve ry peculiar s t r u c t u r e on l ight microscopic, 
e l ec t ron microscopic a n d molecular levels equal ly . I t is also m o r e and more obv ious tha t the 
special ac t iv i ty of t h i s cell organ: c a r b o n assimilation in add i t i on to the p resence of the 
necessa ry chemical c o m p o n e n t s — f i rs t of all p igments a n d a d e q u a t e enzymes — also requires 
the i r pecul iar molecular a n d u l t r a s t ruc tu r a l organizat ion. T h e au thor suppor t s t h e above 
s t a t e m e n t with ca re fu l ly performed biochemical exper imen t s f r o m a func t iona l aspect , in 
more t h a n one respects . H i s results ob ta ined wi th virus i n f e c t e d p lan t s and c y t o k i n i n t rea ted 
subs tances , which unequ ivoca l ly show t h a t chlorophyll level per se has no u n a m b i g u o u s 
cor re la t ion with the pho tosyn the t i c a c t i v i t y , are especially r emarkab le f rom t h i s point of 
view. I n our opinion t h e a u t h o r is right to expla in this f ind ing of his by the fac t t h a t t h e photo-
chemical ac t iv i ty of t h e chlorophylls d e p e n d s on their molecu la r organizat ion too . In this 
m olecular organisat ion t h e s t ructure of the Lipoprote id m e m b r a n e s of thylokoids a n d occasional 
close connect ion be tween thylokoid m e m b r a n e s respectively, p l a y s an impor tan t role. We mus t 
a d m i t , however , t h a t we h a v e only hypo theses about t he molecu la r s t ruc ture of these mem-
b r a n e s as well as a b o u t t h e existence of quan tasomes . I t is h ighly probable, however , t ha t 
t he o r i en ta t ion of t he p i g m e n t molecules is especially i n f luenced by the here a n d t he r e close 
a t t a c h m e n t of the t h y l a k o i d membranes , i.e. the granulous s t ruc tu re , which, in t u r n , may 
a f fec t t h e photochemica l ac t iv i ty . Thus we are jus t i f ied in supposing t h a t c h a n g e s caused 
b y v i rus infections or expe r imen ta l t r e a t m e n t s in the p h o t o s y n t h e t i c ac t iv i ty a r e connected 
wi th molecular and u l t r a s t r u c t u r a l changes as well. 
L . F R I D V A L S Z K Y 
E L T E , D e p a r t m e n t of Applied 
Botany and His togenesis 
Budapes t , V I I I , 
Múzeum krt. 4 /a 
W H A T CAN B E T H E BEST B A S I S TO U S E I N C O M P A R I N G R A T E S 
O F L I G H T - S A T U R A T E D P H O T O S Y N T H E S I S ? 
I n th is paper , Dr . Pozsár considers t h e i m p o r t a n t ques t ion of what basis shou ld be used 
for compar i son of p h o t o s y n t h e t i c rates . Chlorophyll-a or t o t a l chlorophyll is o f t e n used. How-
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e v e r , as Dr. Pozsár po in t s out, a c h a n g e in the ch lo rophyl l content of p l a n t t i ssue wi thou t 
a s imi lar change in o t h e r components of t h e pho tosyn the t i c mechanism can r e su l t in misleading 
in t e rp re t a t ions . F o r example , a decrease in chlorophyll c o n t e n t not accompan ied by a similar 
dec rease in the f a c t o r l imit ing the l i g h t - s a t u r a t e d r a t e c a n cause an increase in t he s a tu ra t ed 
r a t e of pho tosyn thes i s pe r unit ch lorophyl l which is n o t a real s t imulat ion of photosynthes i s . 
T h e r a t e per uni t p l a n t biomass, on w h i c h t h e growth r a t e depends , may be u n c h a n g e d or even 
decreased . Dr. P o z s á r suggests t ha t t o t a l pro te in or soluble prote in may be a b e t t e r basis for 
express ing p h o t o s y n t h e t i c rates. While t h i s is a good sugges t ion , I believe t h a t pho tosyn the t i c 
r a t e s on the basis of b o t h chlorophyl l or to ta l p h o t o s y n t h e t i c p igments (especially in t he 
case of algae, w i t h the i r diverse p i g m e n t composi t ion) and one or m o r e pa rame te r s of 
b i o m a s s (dry weigh t , cell volume, p r o t e i n , etc.) shou ld be considered d u r i n g the in te r -
p r e t a t i o n of resul ts . R a t e s expressed on b o t h bases h a v e a meaning, d e p e n d i n g on the l ight 
i n t e n s i t y used. 
At intensit ies be low saturat ion t h e r a t e of pho tosyn thes i s is l imited b y t h e ra te of l ight 
c a p t u r e , which in t u r n is dependent c h i e f l y on the i n t e n s i t y and spectral d i s t r ibu t ion of t he 
l igh t a n d the c o n c e n t r a t i o n and types of pho tosyn the t i c p igmen t s . For a g iven subsa tu ra t ing 
i n t e n s i t y , spectral d i s t r ibu t ion , and a s semblage of p i g m e n t s , one might e x p e c t the ra te of 
p h o t o s y n t h e s i s per u n i t of total p h o t o s y n t h e t i c p i g m e n t s to be a p p r o x i m a t e l y cons tan t . 
Below sa tura t ion , t h e n , r a t e of pho tosyn thes i s per un i t chlorophyl l or per u n i t pho tosyn the t i c 
p i g m e n t s may be t h e m o s t meaningfu l expression. A t in tens i t i es above s a t u r a t i o n , the r a t e 
of pho tosyn thes i s is l i m i t e d by some d a r k react ion . A t t h e s e intensit ies no c o n s t a n t relat ion-
sh ip of p h o t o s y n t h e t i c r a t e to chlorophyl l should be e x p e c t e d when the ch lo rophy l l con ten t 
of t h e t issue varies. R a t h e r , one m i g h t expec t a c o n s t a n t relat ionship b e t w e e n the ra te of 
pho tosyn thes i s and t h e concentra t ion of t h e ra te- l imi t ing enzyme or cofac tor . T h e dif f icul ty 
of measu r ing the l a t t e r will probably p r e v e n t i t f rom be ing used rout inely. H o w e v e r , soluble 
p r o t e i n or total or so lub le chloroplast p r o t e i n may well serve as a useful s u b s t i t u t e . The ra the r 
c o n s t a n t re la t ionship between p h o t o s y n t h e s i s ( p r e s u m a b l y l igh t - sa tu ra ted) a n d soluble 
p r o t e i n in bean leaves t r e a t e d with a r t i f i c i a l hormones s h o w n in Table 6 of Dr . Pozsa r ' s paper 
sugges t s t h a t this m a y b e so. Some p ro te in componen t m a y b e t h e best basis to use in compar ing 
r a t e s of l i gh t - sa tu ra t ed photosynthes is . 
Pho tosyn the t i c r a t e s are often u s e d t o es t imate g r o w t h rates, and t h i s is pe rhaps the 
u l t i m a t e i n t e rp re t a t i on whe the r one is c o n c e r n e d with t he g r o w t h of agr icu l tu ra l crops or t he 
p r o d u c t i o n of p h y t o p l a n k t o n . In order fo r p h o t o s y n t h e t i c r a t e s to be mos t u se fu l for this 
pu rpose , they should be expressed in s u c h a way t h a t t h e y bes t a p p r o x i m a t e g r o w t h ra tes . 
Th i s m e a n s choosing s o m e basis which b e a r s a more c o n s t a n t relat ionship to p l a n t biomass 
t h a n e i ther chlorophyl l or some pro te in c o m p o n e n t . Th i s could he any of d r y weigh t , t issue 
area or volume, or o rgan i c carbon. P e r h a p s organic c a r b o n is the best choice fo r th is purpose 
since i t allows ca lcu la t ion of rate of c a r b o n , which can be conve r t ed directly t o doubl ing t imes. 
This procedure is r e a d i l y applicable to p l a n t s which are l a rge ly composed of pho tosyn the t i c 
t i ssue , such as most a lgae , and perhaps cou ld be a d a p t e d fo r use with higher p l a n t s . 
There are m a n y pa rame te r s to w h i c h pho tosyn the t i c r a t e s could he r e l a t ed . The choice 
of w h i c h to use d e p e n d s on the quest ion t h e exper imen te r is asking. In order t o increase the 
use fu lness of one's d a t a , one would do well to consider p r e sen t ing rates per u n i t p igment , per 
un i t p ro t e in , and per u n i t biomass (dry w e i g h t , organic c a r b o n ) or a t least i nc lude conversion 
f a c t o r s for the p lan t t i s sue being used, so t h e reader can c o n v e r t t he rates given to ano the r basis. 
W h e n pho tosyn the t i c r a t e s as a func t ion of l ight in tens i ty a r e measured, p l o t t i n g r a t e s on the 
basis of two or th ree p a r a m e t e r s may be he lp fu l in i n t e r p r e t i n g what changes a re occurring 
f r o m one p lan t t r e a t m e n t to another. T h e resu l t s of STEEMANN NIELSEN et al. (1962) i l lustrate 
th i s fo r t he relat ively s imple si tuat ion of a unicellular a lga grown under h igh a n d low light 
in tens i t i es . A more t h o r o u g h considerat ion of ra tes of pho tosyn thes i s above a n d below sa tura-
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t ion expressed on the basis of severa l pa ramete r s , including prote in , m a y be useful in u n d e r -
s tanding t he m o r e complex s i t u a t i o n of higher p l a n t s infected w i t h disease or t r e a t e d w i t h 
hormones. 
F . P . H E A L E Y 
Fisheries R e s e a r c h Board of C a n a d a 
F r e s h w a t e r I n s t i t u t e 
501 Un ive r s i t y Crescent 
W i n n i p e g 19, Man i toba 
R E F E R E N C E S 
S T E E M A N N N I E L S E N , E . — H A N S E N , V . K . — J O R G E N S E N , E . G . ( 1 9 6 2 ) : T h e a d a p t a t i o n t o 
d i f f e r e n t l ight intensi t ies in Chlorella vulgaris and the t i m e dependence on t r a n s f e r 
to a n e w light in tens i ty . Physiologia P l a n t a r u m , 15, 505—517. 
D O E S T H E A M O U N T O F S O L U B L E P R O T E I N S I N T H E P L A S T I D S 
O R P L A S M D E P E N D O N T H E P H O T O S Y N T H E T I C C 0 2 F I X A T I O N ? 
The re a r e various bases of comparison k n o w n — e.g. the levels of chlorophyll a n d pro-
tein — t h a t t h e intensi ty of p h o t o s y n t h e t i c c a r b o n dioxide f ixa t ion c a n be related to . O n t he 
basis of d a t a p resen ted in the p a p e r certain cor re la t ion between t he i n t e n s i t y of p h o t o s y n t h e t i c 
carbon d iox ide f ixa t ion and t h e level of soluble p ro te ins seems obv ious , therefore t h e l a t t e r 
can be r ead i ly used as the bas i s of correlat ion. 
As t o t h e suggestion t h a t t h e level of so luble proteins in t he p l a s t i d s — except fo r those 
with e x t r e m e l y high and e x t r e m e l y low chlorophyl l con ten ts — c a n be used as a ba se of com-
parison w h e n determining t h e in tens i ty of p h o t o s y n t h e t i c ca rbon dioxide f ixa t ion I agree 
with the a u t h o r . However, I shou ld like to m a k e some remarks on t h e paper . 
1. T h e r e is no exact i nd i ca t ion in the p a p e r as to whether t h e a m o u n t of soluble p ro te ins 
was de t e rmined f rom isolated p las t ids or f rom t h e whole leaf. Consider ing t h a t the d a t a of the 
tables refer t o f r e sh weight, de t e rmina t i on m u s t h a v e been pe r fo rmed w i t h whole l eaves used . 
Thus the d a t a show the soluble prote in level of t h e leaves r a t h e r t h a n tha t of t h e p la s t ids , 
because t h e e x t r a c t s mostly c o n t a i n the soluble proteins of the p l a s m . U n f o r t u n a t e l y , th is 
conclusion t h a t t he level of so luble proteins in t h e plastids co r re la t e s with the i n t e n s i t y of 
pho tosyn the t i c carbon dioxide f i xa t i on canno t be d r a w n from these d a t a . In order t o con f i rm 
the a u t h o r ' s hypothesis conce rn ing the cor re la t ions between so luble proteins a n d pho to-
synthetic c a r b o n dioxide f i x a t i o n , direct d e t e r m i n a t i o n of the level of soluble p r o t e i n s in the 
plastids w o u l d be necessary. 
2. I n t h e course of ch lo rophyl l synthesis or degradat ion t h e s tab i l i ty of d i f f e r e n t fo rms 
of chlorophyl l complexes v a r y . I n the greening process chlorophyl l -a protein c o m p l e x e s are 
synthet ized t h e most rapidly, whi le in the case of senescence these f o r m s appear to be t h e most 
stable. This phenomenon m i g h t explain the h i g h biological a c t i v i t y in cases when t h e t o t a l 
chlorophyll level in the leaves is relatively low. I n the case of a h ighe r to ta l ch lo rophyl l level 
a relat ively lower , while a lower level a h igher propor t ion of ch lorophyl l is p r e s u m a b l y in 
active f o r m . T h u s , a relat ion t o the total ch lo rophy l l content c a n b y no means e x p r e s s the 
actual s i t ua t i on . 
3. I n a s m u c h as the level of soluble p r o t e i n s in the l eaves is de te rmined , t h e base 
of compar i son suggested b y t h e au tho r can be used only in cases w h e n the f ac to r examined 
has a low s t imu la t ing effect on t h e general p r o t e i n synthesis. 
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4. No d o u b t , the k ine t in- l ike substances (k ine t in , benzyladenine) raised the p r o t e i n 
level of the l eaves , and s imul t aneous ly on increase in t h e intensi ty of pho tosyn the t i c c a r b o n 
dioxide f ixa t ion could also he soon detected in t he s i tua t ion p re sen ted . This fact is c l ea r ly 
shown by t he d a t a of the tables . I t has also been unambiguous ly d e m o n s t r a t e d t h a t t h e s e 
kinetin-like s u b s t a n c e s raise t he leve l of soluble p r o t e i n s in the leaves . T h e inhibit ing e f f e c t 
of kinetin on ch lo rophy l l deg rada t ion is also well k n o w n . This effect can general ly be a t t r i b u t e d 
t o i ts s t imulat ing inf luence on the p r o t e i n synthesis. O n t h e other hand , t h e existing a n t a g o n i s m 
between the k i n e t i n and certain a m i n o acids in th i s respec t suggests t h a t kinetin s tab i l izes 
t h e chlorophyll c o n t e n t and t h r o u g h this the biological ac t iv i ty of p l a s t i d s primarily b y p r e -
ven t ing or i n h i b i t i n g the pro te in decomposi t ion (SCHIBACKA—THIMANN 1970). 
M . D É V A Y 
Agr icu l tu ra l Resea rch Ins t i tu te of t h e 
H u n g a r i a n Academy of Sciences, M a r t o n v á s á r 
R E F E R E N C E 
SCHIBATA, К—THIMAN, C. M. (1970): Antagonism be tween kinet in a n d amino ac ids . 
Plant P h y s i o l . , 46, 212—220. 
IS R E D U C E D P H O T O S Y N T H E T I C A C T I V I T Y T H E E F F E C T OF 
L O W E R E D P H O T O C H E M I C A L ACTIVITY? 
The p a p e r b y В. I. Pozsár en t i t l ed "The d e t e r m i n a t i o n of t he e f fec t of soluble p r o t e i n 
level on the i n t e n s i t y of p h o t o s y n t h e t i c carbon d iox ide f i x a t i o n " p r o v i d e s some in te res t ing 
d a t a on the m a n n e r in which p a t h o g e n s can reduce pho tosyn thes i s a n d how this can be re-
s to red by s y n t h e t i c cytokinins. A l t h o u g h infect ion u n d o u b t e d l y r e d u c e d pho tosyn the t i c 
ac t iv i ty , it is n o t ce r t a in , on t he bas i s of the d a t a p r o v i d e d , t ha t th is reduc t ion was d u e t o 
lowered pho tochemica l activity. Espec ia l ly in teres t ing w a s the res to ra t ion in photosynthes i s , 
following the a p p l i c a t i o n of the c y t o k i n i n . which was n o t a t t r i bu t ab l e s imply to increased 
chlorophyll c o n t e n t . The increase in soluble protein, a n d presumably pho tosyn the t i c e n z y m e s 
in the chloroplasts , is, as the a u t h o r suggests, t he m o s t likely exp lana t ion . Fur the r exper i -
m e n t a t i o n would b e required t o es tabl i sh , b iochemical ly , how the cy tok in in has a s se r t ed 
i t s effect. 
P . E . K B I E D E M A N N 
Purdue Un ive r s i t y , Agr icul tura l 
Expe r imen t S t a t i on , D e p a r t m e n t 
of Hor t i cu l tu re 
L a f a y e t t e , Ind iana 47907 
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I S T H E I N C R E A S E I N T H E I N T E N S I T Y O F P H O T O S Y N T H E T I C 
C A R B O N D I O X I D E I N P O S I T I V E C O R R E L A T I O N W I T H T H E 
F U N C T I O N OF T H E Q U A N T O S O M E S ? 
The a u t h o r tried to p r o v e t h e funct ional re la t ionship b e t w e e n pho tosyn the t i c c a r b o n 
dioxide f i x a t i o n and protein f r a c t i o n s directly b y exper imenta l d a t a . This c i rcumstance was 
made especial ly s tr iking w i t h t h e synthet ic cy tok in in s applied (k ine t in , benzyladenine) w h e n 
t he in tens i ty of radiocarbon l abe l l ed carbon dioxide f i xa t i on was p r o p o r t i o n a l with t he inc rease 
of the soluble p ro t e in f ract ion. I t seems to be t h u s conf i rmed t h a t a n y increase in the i n t e n s i t y 
of pho tosyn the t i c carbon d iox ide f ixa t ion which c a n be induced b y cytokinin t r e a t m e n t is 
in positive cor re la t ion with t h e f u n c t i o n of t he quan tosomes . 
In b iochemica l e x a m i n a t i o n s the in tens i ty of pho tosyn the t i c ca rbon dioxide f i x a t i o n 
has been r e l a t e d to mg ch lorophyl l , so the a u t h o r ' s me thod of r e l a t i ng i t to ing p r o t e i n ( m g 
soluble p ro te in ) which under l ines more strongly t h e real correlat ions of these processes is v e r y 
interesting. 
In sp i t e of the fac t t h a t t he results of b iochemica l and rad iochemica l expe r imen t s a re 
generally expressed in c p m / m g ac t ive , agent, i t wou ld — in m y op in ion — be much m o r e cor-
rect to express t he specific a c t i v i t y in absolute r ad ioac t iv i ty (/ iCi/mg) which would e l imina t e 
possible d i f fe rences in colour ex t inc t ion effect b e t w e e n the samples . 
T . SZARVAS 
Isotope I n s t i t u t e of the H u n g a r i a n 
A c a d e m y of Sciences 
B u d a p e s t 114. 
P .O .B . 77. 
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CHRONICA 
BARNA G Y Ő R F F Y 
1911 — 1970 
B a r n a Győr f fy , d i rec to r of t he In s t i t u t e of Genetics of t h e Hungar ian A c a d e m y of 
Sciences, a n d fo rmer p res iden t of i ts Genetical Commi t t ee was b o r n on Ju ly 18th , 1911 a t 
Szepesbéla (Sp i ska Belá) a t t h e f o o t of the H i g h T a t r a , in the na tu r e - lov ing m a t e r n a l g r a n d -
fa the r ' s house which is now a p a r t of the T a t r a Museum. His f a t h e r , I s t v á n Győrf fy , t h e well 
known hybryo log i s t , was a t f i r s t teacher of n a t u r a l history and g e o g r a p h y in t he s e c o n d a r y 
school of Lőcse , then , f rom 1914, professor of g e n e r a l botany a t t h e universit ies of Ko lozsvá r , 
B u d a p e s t , Szeged, and for a wh i l e in Kolozsvár aga in . By his f a t h e r Barna G y ő r f f y l ea rned 
to like and k n o w the b e a u t i f u l t h o u g h tiresome w o r k of collecting a n d ident ifying p l a n t s , and 
climbing m o u n t a i n s in his e a r l y childhood. H e b e c a m e fond of t h e T a t r a where he r e t u r n e d 
nearly eve ry yea r up to t he e n d of his life to co l lec t material d u r i n g holidays for h is exper i -
ments . 
H e a t t e n d e d the e l e m e n t a r y school in K o l o z s v á r , Budapes t a n d Szeged, a n d s econda ry 
school in Szeged. I t was also in Szeged, at the un ive r s i t y , tha t he g r a d u a t e d in 1935 o b t a i n i n g 
a secondary school teacher 's d i p l o m a in n a t u r a l h i s to ry and c h e m i s t r y , and in 1936 a degree 
of Ph. D. T h e n in 1943 he w a s awarded a degree of pr iva te docen t i n Kolozsvár. 
His f i r s t scientific p a p e r w a s published in 1932 when he w a s still a s tudent . H i s pape r 
"Fe j l ődésé l e t t an i vizsgálatok Catharinaea Hausknechtii-n" ( D e v e l o p m e n t a l biological s tud ies 
on Catharinaea Hausknechtii) publ ished in 1936 is already the w o r k of a scientist f ami l i a r 
wi th the v a r i o u s branches of b o t a n y , namely, morphology , p h y s i o l o g y and p h y t o g e o g r a p h y . 
The main l ine of his research w o r k was, however , determined b y a longer visit t o G e r m a n y 
between 1937 a n d 1939 w h e n h e worked as a schola r under P r o f . F . von W e t t s t e i n a t the 
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K a i s e r - W i l h e l m - I n s t i t u t f ü r Biologie of Ber l in -Dahlem and became a geneticist . I t was a t 
t h a t t ime t h a t t h e mult iplying e f f e c t of colchicin o n t h e chromosome complemen t was d i s -
covered and po lyp lo id plants p r o d u c e d . Barna G y ő r f f y enthusiast ical ly j o i n e d in this r e s e a r c h 
work , and as ea r ly as in 1938 pub l i shed a paper on au to t e t r ap lo id p l a n t s art if icial ly p r o d u c e d 
b y colchicin t r e a t m e n t , and a n o t h e r one with G. Melchers as co-author o n t h e fertile a m p h i d i -
ploid of Hyosciamus nigerxH. albus. 
B e t u r n i n g t o Hungary he c o n t i n u e d his p lo idy studies at t he H u n g a r i a n Bio logica l 
Research I n s t i t u t e of T ihany; h o w e v e r , emphasis s h i f t e d from methodo log ica l ques t ions t o 
morphological , phys ica l and b iochemica l studies of t h e doubling of t h e chromosome c o m p l e -
m e n t s ta r t ing inves t iga t ions on t h e inher i tance of v i t a m i n С content of t o m a t o and p a p r i k a . 
In 1944 h e moved to M a g y a r ó v á r , where he b e c a m e the head of t h e Biological a n d 
Genet ical L a b o r a t o r y of the Agr i cu l tu ra l Research I n s t i t u t e and joined i n t h e work of t r a i n i n g 
p l a n t breeders . H e cont inued his s t ud i e s on po lyp lo idy and v i tamins , f u r t he rmore , spec ies 
hybr id iza t ion a n d vernal izat ion e x p e r i m e n t s were also s t a r t e d under his l eade r sh ip with ce rea l s . 
In t he sp r ing of 1948 he p a r t i c i p a t e d in a s t u d y tour to the S c a n d i n a v i a n c o u n t r i e s , 
a n d a f t e r his r e t u r n was elected d i r e c t o r of the R e s e a r c h Ins t i tu te f o r P l a n t Genetics a n d 
Breed ing in B u d a p e s t , and for t h r e e y e a r s under took leadership at the Biological D e p a r t m e n t 
of t he Un ive r s i ty of Agricul tural Sc iences as well. 
In 1949 his I n s t i t u t e was r eo rgan ized into t he Gene t i c D e p a r t m e n t of t he Agrobiological 
I n s t i t u t e ; b u t l a t e r in 1950 it was t a k e n f rom the c o n t r o l of the Min i s t ry of Agriculture a n d 
p u t under t he a u t h o r i t y of the H u n g a r i a n Academy of Sciences. Since 1954 it has been t h e 
I n s t i t u t e of Gene t ics of the H u n g a r i a n Academy of Sciences. As a d i r e c t o r his f i rs t t a sk w a s 
t o f in ish the r econs t ruc t ion of w a r - t i m e damage, a n d t o t ra in a qua l i f i ed group of r e sea r ch 
workers . Res to r a t i on , science policy, reorganiza t ion a n d pa r t l y , educa t ion r equ i red a great d e a l 
of admin i s t r a t i ve work , so research w o r k temporar i ly s lowed down a n d s h i f t e d to some e x t e n t 
t o t h e field of p l a n t physiology. I n sp i t e of all the d i f f i cu l t i e s his work m e t with r ecogn i t i on . 
I n 1949 he was a w a r d e d the K o s s u t h Prize, in 1953 t h e Medal of Mer i t s in Socialist W o r k ; 
in 1952 he was qua l i f i ed Candidate a n d in 1957 Doctor of Biological Sc iences b y the H u n g a r i a n 
A c a d e m y of Sciences. 
I t was d u e to his ini t iat ive t h a t t h e f i rs t bac te r ium-gene t ica l s tud ie s i n Hungary , a m o n g 
t h e m t r a n s f o r m a t i o n exper iments o n Rhizobia, began i n 1950 in his I n s t i t u t e . He s tudied t h e 
deve lopment of s t r ep tomyc in r e s i s t ance , the effect of chemica l m u t a g e n e s , t he sensi t ivi ty t o 
u l t rav io le t r a d i a t i o n of p igmen tous a n d pigmentless s t r a i n s of Serratia marcescens. He d i scov-
ered a new bac te r ioc in : the t a b a c i n of Pseudomonas tabaci. 
Beside his s tud ies in b a c t e r i u m genetics his f a v o r i t e plants were n o t neglected. H e c o n -
t inued the po lyp lo idy studies, s t a r t e d popula t ion gene t i ca l exper iments a n d carried out c y t o -
logical and cy togene t i ca l research. I n t h e species of t h e genus Ranunculus, on the basis of t h e 
k a r y o t y p e , he d e m o n s t r a t e d the r e l a t i o n of the deg ree of evolution. 
In t he ea r ly sixties he comple te ly re turned to h i s p l an t s , and r e c o g n i z i n g the i m p o r t a n c e 
of evo lu t iona ry genet ics p ropaga ted i t t h r o u g h l ec tu res , a n d developed a g r o u p of en thus ia s t i c 
y o u n g research w o r k e r s to cu l t iva te i t . H e began to dea l again with t h e s u b j e c t of his u n i v e r -
s i ty s tudies: t h e mosses ; collected a r i ch mater ia l f r o m var ious par t s of H u n g a r y , and m a i n l y 
f r o m the T a t r a , m a i n t a i n e d them as cu l tu re s in Pe t r i -d i shes , classified t h e m , and d e t e r m i n e d 
t h e so fa r u n k n o w n chromosome n u m b e r s of several species. Recently in t h e species Funaria 
hygrometrica a n d Physcomitrium pyriforme he p r o d u c e d polyploids f r o m t h e seta by g a m e t o -
p h y t o n r e g e n e r a t i o n a n d s ta r ted i s o z y m e examina t ions . 
Meanwhi le he visited m a n y biological i n s t i t u t e s and research p l a c e s and a t t e n d e d 
in t e rna t iona l s y m p o z i a in the G e r m a n Democra t ic R e p u b l i c , the Soviet U n i o n , Poland, E n g -
l and , t he G e r m a n Fede ra l Republ ic , R o u m a n i a , Czechoslovakia , Aus t r i a , J a p a n , the U n i t e d 
S t a t e s of Amer ica a n d Canada; he de l ivered lectures a t a number of i n t e r n a t i o n a l congresses , 
a n d organized an in t e rna t iona l s y m p o s i u m . During his j o u r n e y s abroad h e m a d e the work a n d 
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resul ts of his Ins t i tu te k n o w n , gathered exper iences and ut i l ized t h e m in improv ing genetical 
research in Hungary . 
H e was extremely v e r s a t i l e . He was i n t e r e s t e d in the e n t i r e f ie ld of biology a n d famil iar 
wi th a lmos t every aspect of genetics. He p e r f o r m e d his e x p e r i m e n t s with p l a n t s a n d par t ly 
wi th bac t e r i a , b u t apar t f r o m th i s directed gene t i ca l research o n a n i m a l s and de l ive red lectures 
in t he f ie ld of h u m a n gene t ics as well. He w a s fami l ia r with t h e gene t ic impl ica t ions of animal 
and p l a n t breeding too. T o b a c c o breeding w a s also carried o n u n d e r his l e ade r sh ip . Upon 
the r e q u e s t of p lant b r e e d e r s a n d foresters h e presented l e c t u r e s on the recent a d v a n c e m e n t 
of genet ics , main ta ined c lose con tac t and f r i e n d l y relations w i t h his pupils; e v e r y breeder 
and t echn ic ian could l ea rn t h e methods a p p l i e d in his I n s t i t u t e . 
B a r n a Győrf fy pa id m u c h a t tent ion t o scientific t r a in ing . I n his Ins t i tu te h e developed 
a g roup of enthusiast ic y o u n g research worke r s , and i r respect ive of their posts ass i s t ed young 
people w h o wished to c o n t i n u e their studies. H e organized e x t e n s i o n courses w i t h i n , a n d scien-
tific l e c tu r e s a t every level ou ts ide the I n s t i t u t e . 
His scientific p a p e r s (over 75), t he i nnumerab le l e c t u r e s delivered b y h i m , and his 
d i rec t ing , teaching and o rgan iz ing activit ies m a d e him highly es teemed and recognized both 
in H u n g a r y and abroad. 
U n f o r t u n a t e l y , t h e l ine of his r e sea rch wi th the r e s u l t s collected so d i l igen t ly and 
cau t ious ly was abrup t ly b r o k e n . The bui lding he h a d been p l a n n i n g had received a solid founda-
t ion a n d t h e walls were a l m o s t finished b u t h e did not have a c h a n c e to pu t on t h e roof. Re-
tu rn ing f r o m the X l t h I n t e r n a t i o n a l Bo tan ica l Congress in S e a t t l e and the c o n n e c t e d lecture 
t ou r in U S A and Canada , h e fe l t inspired w i t h new ideas b u t unusual ly t i red. Ignor ing his 
weakness he indeepened i n h a r d work. His l a s t lecture was o n M a r c h 10th, 1970, a t t he cere-
monia l opening Meeting of t h e Section of Agrogenet ics and B r e e d i n g of the H u n g a r i a n Agri-
cu l tu ra l Society. Owing t o his illness he r e f u s e d to accept t h e pres idency of t h i s Sect ion, so 
k ind ly of fered . Three d a y s l a t e r the medical t r e a t m e n t could n o longer be d e l a y e d , b u t even 
in hosp i t a l he cont inued h i s work , kept u p w i t h the current l i t e r a t u r e and t he a c t u a l results 
of his coworkers , wrote l e t t e r s , gave i n s t ruc t i ons , visited h i s I n s t i t u t e and h i s exper iments 
when his doctors would a l low i t . 
H e died August 5 t h , 1970 af ter long su f fe r ing borne in s i lence with his s t r o n g will. The 
fune ra l was given by t h e H u n g a r i a n A c a d e m y of Sciences. 
L . D A N I E L 
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S. KAPÁS: Magyar növénynemesítés. (Plant 
breeding in H u n g a r y ) . A k a d é m i a i Kiadó, 
Budapes t , 1969. 
P lan t b r e e d i n g has a h i s t o r y of about 
hundred y e a r s in Hungary . T h o u g h there are 
records of m a n y earlier in i t ia t ions , these can-
not be cons idered as deliberate p l a n t breeding 
work. The book was published on t h i s occasion 
and m e a n t t o be a review of t h e ac t iv i ty and 
results of t h e hundred-year - o ld Hungar ian 
plant breeding . 
The ed i to r a n d authors of t h e book in-
tended to p r e s e n t the results a n d p a s t events 
of H u n g a r i a n p l a n t breeding as p laced in the 
f ramework of un iversa l p l an t b reeding . Un-
fo r tuna te ly , t h e f ramework h a s been made 
too large, t h u s publ icat ions a b o u t Hungar ian 
plant b reed ing a re only a p p e n d i c e s of the 
history a n d deve lopmen t of p l a n t breeding in 
the world. P a r t s actually d iscuss ing Hunga-
rian p lan t b r e e d i n g occupy b u t one-third of 
the volume. T h u s t he title of t h e book does not 
precisely c o n f o r m to the c o n t e n t , i t suggests 
more a b o u t H u n g a r i a n p l an t breeding than 
it really gives. All these, n a t u r a l l y , do not 
mean t h a t even th ree times as m u c h could not 
be wr i t t en o n p l an t breeding in Hungary, 
since i t ha s a v e r y rich a n d successful past 
which deserves apprecia t ion all over the 
world. 
Besides t h e edi tor the book h a s 12 authors. 
The to ta l ex tens ion is 758 p a g e s including 7 
pages of f r o n t page and c o n t e n t s , 35 pages of 
references ( a b o u t 1100 i tems) a n d 28 pages of 
index. T h u s t h e t ex t of the w o r k amounts to 
688 pages. 
Au tho r s ' book is the second work writ ten 
on H u n g a r i a n p l a n t breeding. T h e f irst one 
was pub l i shed abou t half a c e n t u r y ago by 
F a b r i c z i u s (1921) a n d t reated t he c c a . 60 
y e a r s old history of Hungar i an p l a n t b r eed -
ing . However , t h a t pe r iod was less i m p o r t a n t 
t h a n the subsequen t decades w h e n p l a n t 
b r e e d i n g occupied i t s reasonably d o m i n a n t 
p l a c e in H u n g a r i a n agriculture. A u t h o r s ' 
w o r k has the grea t m e r i t of being t h e f i r s t to 
g ive a comprehens ive review of the f u l l scope 
of p l a n t breeding. T h u s , agr icu l tura l and 
ho r t i cu l tu ra l p l an t b reed ing ( including vine) 
is discussed in de t a i l , only the q u e s t i o n s of 
f o r e s t r y - and med ic ina l plant b r e e d i n g are 
o m i t t e d , but the i r impor tance has r e a c h e d 
a n y w a y a lower l eve l in Hungary . 
A p a r t f rom t h e in t roduct ion t h e b o o k is 
d i v i d e d into two m a i n par ts : a gene ra l a n d a 
de t a i l ed t r e a t m e n t of plant b r eed ing . The 
i n t r o d u c t i o n and t h e general p a r t a r e of 
s h o r t e r extension (cons is t of about 100 pages) , 
t h e r e s t was rese rved for discussing t h e p l an t 
b r e e d i n g quest ions of the indiv idual p l an t s . 
T h e in t roduct ion dea ls with the i m p o r t a n c e 
of p l a n t growing a n d p lan t breeding i n social 
deve lopment . I t s u r v e y s the ma jo r h i s to r i ca l 
c h a n g e s from the anc i en t times t o o u r days . 
T h e first c h a p t e r of the general p a r t de-
scr ibes the geographica l position a n d ecolog-
ica l condit ions of Hungary , p o i n t i n g out 
t h a t about 83 p e r cen t of the a r e a of the 
c o u n t r y located b e t w e e n 45°50' a n d 48°20 ' 
of n o r t h l a t i tude a n d 16° and 2 5 ° of east 
l ong i tude is at a h e i g h t of 0 — 200 m a b o v e sea 
level . The pecul iar c l imate of t h e c o u n t r y 
r equ i r e s addi t ional e f fo r t s f rom p l a n t b reed-
ers . 
T h e second c h a p t e r of the g e n e r a l pa r t 
g ives informat ion — though of g e n e r a l char-
a c t e r only — on t h e development of p lan t 
b reed ing theories a n d methods, wh i l e the 
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t h i r d chapter is a b o u t the h i s to ry of p lant 
breeding. In t h e l a t t e r chapter a s e p a r a t e par t 
dea ls already w i t h t h e historical a spec t s of 
Hungar i an p l a n t breeding , discussing espec-
ia l ly the events a n d resul ts of H u n g a r i a n plant 
breeding before t h e f i r s t world w a r , be tween 
t h e two world w a r s a n d af ter the s econd world 
w a r . 
The four th c h a p t e r of the general p a r t deals 
w i t h the i m p o r t a n c e of plant v a r i e t i e s in 
produc t ion , w i t h spec ia l regard t o t h e devel-
o p m e n t and s y s t e m of variety qua l i f i ca t ion . 
I t is a pity t h a t a m o n g the n a m e s wr i t t en 
be low the p i c tu r e s of the first r eg i s t r a t ion 
commi t t ee G y á r f á s József s tands f o r Legány 
Ö d ö n by mis take . N a m e l y , the m o s t eminen t 
H u n g a r i a n p l a n t breeders : E m i l G r á b n e r , 
E l e m é r Székács, Ö d ö n Legány, Rudo l f Fleisch-
m a n n and László Baross took p a r t in the 
f i r s t registration c o m m i t t e e . 
The detailed desc r ip t ion of p l a n t s occupies 
a considerable p a r t of the book. H e r e breed-
i n g problems of agr icu l tura l p l a n t s , vege-
t ab l e s , f ru i t b e a r i n g plants and v i n e are 
separa te ly deal t w i t h . The descr ip t ion is ex-
t e n d e d to 78 spec ies a n d groups of va r ie t i e s 
respect ively, a n d s u m s up the b r e e d i n g of 
Gramineae in H u n g a r y . The fol lowing ques-
t i o n s are dealt w i t h concerning t he i nd iv idua l 
species and v a r i e t y groups: t a x o n o m i c a l 
aspec t s , quest ions of origin, p roduc t i on da ta , 
h i s to ry and resu l t s of general and H u n g a r i a n 
breed ing of the spec ies , p resen ta t ion of im-
p r o v e d varieties a n d objectives of b reed ing 
w o r k . These c h a p t e r s give detailed i n f o r m a -
t i o n on the biology of species and g r o u p s of 
var ie t ies respect ive ly as well as on t h e meth-
o d s of breeding. 
The species a r e n o t elaborated accord ing 
t o t h e same p a t t e r n , which also r e f l e c t s the 
d i f f e r e n t v iewpoin ts of the au thors . These 
differences arc d u e t o t h e different economic 
i m p o r t a n c e of species in t he varied p r o g r a m m e 
of Hungar ian p l a n t growing. T h a t is why 
m a j o r crops are d e a l t wi th in some detai l , 
w h i l e less i m p o r t a n t species only t o u c h e d 
u p o n . 
Authors have succeeded in giving a r a t h e r 
f u l l picture of t he p r o g r e s s and results of p l an t 
b r e e d i n g including H u n g a r i a n plant b reed ing . 
I t w o u l d have been b e t t e r if we could g e t 
a c q u a i n t e d with t he biographical d a t a of 
t h e i m p o r t a n t H u n g a r i a n breeders more f u l l y , 
h o w e v e r , necessary f a c t u a l data on t h e m c a n 
be f o u n d — though d i s t r ibu ted ( among t h e 
de t a i l ed da ta ) — b y t h e reader . 
G Y . M Á N D Y 
Züchtung und Anbau von Feldfutterpflanzen. 
(Wissentschaf t l iche Vor t r ags t agung des I n -
s t i t u t s f ü r P f l anzenzüch tung Bernburg d e r 
D e u t s c h e n Akademie d e r Landwi r t s cha f t s -
wis senscha f t en zu Ber l in a m 1. und 2. D e -
z e m b e r 1966 in B e r n b u r g . ) Deutsche D e -
m o k r a t i s c h e Republ ik , Deutsche A k a d e m i e 
der Landwi r t scha f t swissenschaf t en zu B e r l i n , 
Ber l in 1967, 1 — 282. 
T h e book summar izes on 282 pages t h e 
l ec tu res delivered a t t h e scientific sess ion 
held o n t he 1st and 2 n d December 1966 a t 
the B e r n b u r g Ins t i tu te f o r P lan t Breeding of 
t he A c a d e m y of Agr icu l tu ra l Sciences i n t h e 
G e r m a n Democratic Republ ic . The p a p e r s 
w r i t t e n i n German of t h e lectures de l ive red 
are fo l lowed by G e r m a n , Russian and E n g -
lish summar i e s , general ly a list of re fe rences , 
and f i n a l l y the address of the lecturers. T h e 
p r e f ace a n d the pos t sc r ip t of the book w e r e 
w r i t t e n b y Hg. S t e i k h a r d t , director of t h e 
B e r n b u r g Ins t i tu te for P l a n t Breeding. 
D u r i n g the two days ' scientific confe rence 
the p a r t i c i p a n t s discussed several p r o b l e m s 
of c u l t u r a l practices, seed production a n d 
b reed ing of forage p l a n t s . Development i n 
these b r a n c h e s is urged , a n d practical u se of 
resul t s ensured by t h e nat ional economic 
p r o g r a m m e s aimed a t p rov id ing the p o p u l a -
t ion of t h e German Democra t i c R e p u b l i c 
wi th a b u n d a n t and divers i f ied supplies of 
an ima l p roduc ts . These objec t ives — as H g . 
S t e i k h a r d t said in his open ing s t a t emen t — 
can o n l y be achieved b y a n increased c r u d e 
p ro te in a n d starch v a l u e product ion t o b e 
p rov ided b y the field c rops . Intensive re -
search i n th i s field of ag r icu l tu ra l sciences h a s 
been ca r r i ed on for a re la t ive ly short t i m e 
in t h e G e r m a n Democra t i c Republic. T h e 
organizers of the conference in Bernburg se t 
the a i m of assessing t he r e su l t s of these r e -
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searches and d rawing up the m a i n lines of 
f u t u r e ac t ion. 
Dur ing t h e two days 23 lec tures were 
delivered on c u l t u r a l pract ices , t w o lectures 
dealt wi th t h e problems of seed product ion 
while f u r t h e r f ive with research work on 
forage p lan t breeding. In a d d i t i o n to the 
Bernburg I n s t i t u t e the lec tures represented 
13 other i n s t i t u t e s , universi t ies, colleges, etc. 
of the G e r m a n Democrat ic Republ ic . 
The l ec tu res gave account of researches 
carried on in a wide range of s u b j e c t s related 
with near ly all species of fo rage p lan t s . I t is 
therefore n o t possible to give a comprehen-
sive s u m m a r y , even any sort of grouping is 
very d i f f icu l t . 
In t he scope of subjects r e l a t ed to cul-
t u r a l p rac t i ces 5 lectures dea l t wi th the 
problems of n u t r i e n t supply to va r ious forage 
plants . I t was w o r t h noth ing t h a t only one 
lecturer , D. E i c h discussed t h e ferti l ization 
and i r r iga t ion p rob l ems of m i x t u r e s of peren-
nial papi l ionaceae and grasses. These plants 
are of g rea t i m p o r t a n c e even n o w , and — as 
the lecturer p o i n t e d out — a f u r t h e r increase 
in the N-doses m a k e s i t possible t o use the hay 
as low-grade f l ou r or fodder , wh ich , however, 
raises a n o t h e r problem, n a m e l y , whether 
under ce r t a in condi t ions t he increase of N 
doses becomes toxic or no t . G. Specht ' s 
lecture who in his exper iments wi th forage 
rye, green f o r a g e maize a n d silage maize 
studied t h e m a r g i n a l N-doses b o t h f rom crop 
product ion a n d economic p o i n t s of view was 
remarkable . T h e methodological aspects of 
expe r imen ta t i on and eva lua t ion were also 
valuable in t h e lecture. Ou t of t h r e e lectures 
dealing w i t h t h e subject of n u t r i e n t supply 
two discussed t h e N-fer t i l iza t ion problem« of 
forage rye, while the thi rd b y G. Kra tzsch 
those in t h e B e t a sp. (for f o r age purposes). 
According t o t he results of expe r imen t s the 
op t imum N-dosage was 220 k g / h a to sugar-
beets a n d 160 —180 kg/ha t o forage beets 
depending on t h e site of the exper imen t . The 
various t y p e s of bee ts are su i t ab le for feeding 
purposes acco rd ing to their genet ica l ly deter-
mined leaf f o r m i n g capac i ty . Re tu rn ing to 
the lec tures on exper iments w i t h forage rye, 
W . Schweiger carr ied on N-fer t i l iza t ion and 
sowing- t ime expe r imen t s and de te rmined t h e 
o p t i m u m quant i t ies of N applied as well as 
t he compensing e f fec t of N-doses on t h e c r u d e 
p ro t e in product ion of win te r crops sown la t e . 
O. K r a u s e studied t h e ef fec t of winter m a n u r -
ing on forage rye s t a n d s . His results c o n f i r m e d 
t h e e f fec t of the wel l -known mulch f o r m i n g 
subs t ances on the m o i s t u r e content , t e m p e r a -
t u r e a n d s t ruc ture of t he soil, and f i n a l l y , 
t h e ef fec t of f a r m y a r d manure on t h e in-
c rease of p roduc t i v i t y in forage rye . 
A n o t h e r area of research was d e a l t w i t h 
b y H . Patzold who s tud i ed the u t i l i za t ion of 
genet ica l ly establ ished product iv i ty in fo r age 
p l a n t s . He pointed o u t t h a t the u t i l i z a t i on of 
genet ica l ly establ ished product iv i ty c a n p r a c -
t ica l ly be considered relat ively good in t h e 
T r i fo l i um sp., b u t de f i c i en t in the G r a m i n e a e . 
T h e reason for t h e l a t t e r is most ly t h e in-
s u f f i c i e n t ut i l izat ion of the growth r h y t h m , 
w h i c h — of course — is not even poss ib le 
w i t h clovers owing t o the di f ferent g r o w t h 
r h y t h m s of the componen t s . The l ec tu re r 
p r o v i d e d a va luab le con t r ibu t ion to t h e solu-
t i on of the p rob l em b o t h for b reede r s a n d 
p l a n t growers. 
F e e d crop r e q u i r e m e n t s of f a r m s w i t h 
d i f f e r e n t na tura l cond i t ions can be m e t only 
b y g r o w i n g species be s t f i t ted to t h e g iven 
cond i t i ons . E. B u h t z ' series of e x p e r i m e n t s 
g ives help in th is p rob l em; he t r ied t o f i n d 
the mos t p roduc t ive species among t h e peren-
n i a l papil ionaceae, g rass mixtures a n d a n n u a l 
f o r age plants ava i l ab le in four g rowing sites 
w i t h different soil t y p e s and yearly a m o u n t s 
of precipi ta t ion. I n Central G e r m a n y i t is 
l uce rne and red c lover t ha t p r o d u c e t he 
h ighes t yields a m o n g the perennial fo rage 
p l a n t s . Among t he a n n u a l plants s u g a r - b e e t s 
a n d fodder beets showed the h i g h e s t pro-
d u c t i v i t y , while in l ight soils t h e green 
m a i z e mixture p r o d u c e d the g rea te s t a m o u n t 
of d r y ma t t e r — 119.6 q/ha. 
I n the next l e c t u r e V. E h r e n p f o r d t dis-
cussed the in te res t ing cu r ren t p r o b l e m of h a y 
p roduc ing fa rms : t h e compa t ib i l i ty re la t ions 
of legumes. In th i s scope of subjec ts — as i t is 
k n o w n - the occur rence of var ious p e s t s and 
diseases is the g r e a t e s t problem. T h e l ec tu re r 
s tud i ed the p r o d u c t i v i t y of 11 p l a n t species 
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i n al ternating a n d monocul tura l p roduc t ion . 
Compatibi l i ty r e l a t i o n s are less d e p e n d e n t on 
t h e soil and c l i m a t e t h a n on the species . The 
wrong succession of papilionaceae, a n d even 
m o r e the m o n o c u l t u r e may of ten c a u s e 30 — 
50 per cent or m o r e decrease in y i e ld . 
Efforts m a d e b y the G e r m a n research 
workers to m a k e p rac t i ca l use of t h e possible 
advantages of i r r i g a t e d field p r o d u c t i o n of 
fo rage plants a r e q u i t e justified. T h i s ef for t 
is reflected b y W . Breunig's l e c t u r e who 
s tudied seven g r a s s - and four c love r species 
i n his irrigation exper iments . By v a r y i n g the 
a m o u n t of i r r i ga t ion water applied a s well as 
t h e time of a p p l i c a t i o n he obta ined v e r y dif-
f e r e n t yields i n t h e different species . The 
144.1 q/ha d ry m a t t e r obtained i n Dactylis 
glomerata L. a n d 28 .6 q/ha crude p r o t e i n pro-
duc t ion of t he Medicago varia L. a r e b y all 
m e a n s r emarkab le resul ts . 
The lectures de l ivered show t h a t G e r m a n 
agricul ture has r e l a t i ve ly little expe r i ence in 
t h e practical u s e of clover p r o d u c t i o n . Ch. 
Meinsen s tudied i n his exper iments whe the r 
Dactylis glomerata L . and Festuca pratensis H. 
c a n be produced a t all without i r r i g a t i o n in 
coas ta l areas. H e t r i e d to find o u t t h e opti-
m u m measure of n i t rogen a p p l i c a t i o n , its 
e f f e c t on the q u a l i t y of feed, and f i n a l l y the 
possibili ty of i n c r e a s i n g row d i s t ances when 
p lan t ing . 
Three other l e c t u r e s set the aim of present -
i n g some e x p e r i m e n t a l results conce rn ing the 
product ion of l u c e r n e , the most i m p o r t a n t 
f o r age plant of t h e German D e m o c r a t i c 
Republ ic . 
R. Breterni tz discussed the m e t h o d of 
p l an t ing lucerne i n l ight soils and a l so gave 
answer to the fo l lowing two ques t i ons . 1. 
Should lucerne b e g rown in pure sowing or 
m i x e d with g ra s ses? 2. Shall we use cover ing 
p l a n t s when p l a n t i n g ? E . Thomas s t u d i e d the 
e f f e c t of the e n v i r o n m e n t a l f ac to r s o n the 
v o l u m e of lucerne seed production. M u c h use 
c a n be made of h i s lecture by t h o s e who 
u n d e r t a k e the e x t r e m e l y complicated t a s k of 
luce rne seed p r o d u c t i o n which r equ i r e s much 
skill . R. S t e u c k a r d t ' s lecture re fe r red t o the 
s a m e subject. T h e l ec tu re r studied t h e effect 
of t he date of h a r v e s t on the thousand-g ra in -
w e i g h t , germinat ive capac i t y , power of ger-
m i n a t i o n and ha rves t ing losses. He s t u d i e d 
f u r t h e r the effect of CCC the wel l -known 
p l a n t r e t a r d a n t in seed lucerne s tands. I n his 
e x p e r i m e n t he could n o t demons t r a t e t h e 
e f fec t of CCC either on t he growth of p l a n t s 
or o n t h e amount of y ie lds . 
T h e reader of t h e book meets ma ize , a 
f o d d e r p lan t of increas ing world i m p o r t a n c e 
b u t once , al though — as t h e lecturer G. B a t z 
also po in t ed out — t h e 105 — 117 q / h a d r y 
m a t t e r and 75 — 80 q / h a starch va lue a re 
r e m a r k a b l e quant i t ies . Silage of high n u t r i -
t i ve v a l u e can be ensured only with o p t i m u m 
spac ing . The lecturer p rov ided a good exper i -
m e n t a l material to th i s problem. 
T h e nex t three l ec tu res dealt wi th some 
agro technica l , ha rves t ing and seed p r o d u c t i o n 
p r o b l e m s of forage cabbages . On the bas is of 
e x p e r i m e n t s performed in medium- a n d good 
q u a l i t y soils of the Ba l t i c coast F. L ü d d e c k e 
sugges ted the most f a v o u r a b l e t ime of h a r -
ves t ing . Bässler discussed hibernat ion in t h e 
f ie ld of cut t ings made of two-years old f o r a g e 
c a b b a g e s for the pu rpose of seed p r o d u c t i o n . 
T h e expensive c lamp-s to rage is d ispensable 
only w i t h varieties m o r e win te r -hardy t h a n 
t h e p r e s e n t ones, which sets tasks for p l a n t 
b r eed ing . The next l ec tu re r H. H e r m a n also 
ra ised t h e most del icate question of f o r a g e 
c a b b a g e seed product ion . However, while t he 
f o r m e r lecturer a t t e m p t s t o solve the p r o b l e m 
b y h ibe rna t i ng the c u t t i n g s in the f ie ld , t h e 
l a t t e r e laborated a n e w — and in t h e lec-
t u r e r ' s opinion the only successful — m e t h o d 
of c lamp-s torage . 
I n t h e two days consu l ta t ion a t t e n t i o n 
was p a i d to two a n n u a l papil ionaceae: t h e 
Pe r s i an clover and t h e Alexandr ian c lover . 
Thei r p roduc t ion prac t ice has not deve loped 
in t h e German Democra t i c Republic , a n d 
t he exper iments are o n l y of i n f o r m a t i v e 
c h a r a c t e r . No doubt , t h e Persian clover is a 
fo rage p l a n t to he cons idered , especially u n d e r 
i r r iga ted conditions, w h e n it may even be 
used as a secondary c rop . 
T h e organizers of t h e consul ta t ion did n o t 
w a n t t o leave any th ing o u t which is p r o v e d 
hy t h e f a c t t ha t lectures were delivered e v e n 
on species of relatively low impor tance . F o r 
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example , G. W a t z k e dea l t with the ques t ion 
of p lan t ing and s o m e problems of r y e a n d 
v e t c h mixtures g r o w n on 1 — 1.5 pe rcen t of 
t h e t o t a l area u n d e r cul t ivat ion. M. B r u m -
m u n d repor ted on his exper iments of chemica l 
weed control over seed producing b i rd ' s foot 
(Ornithopus sativus) s t ands which c a n be 
t a k e n into accoun t in sandsoils; while H . 
Z i m m e r m a n n on t h e possibilities of p l a n t i n g 
cow parsnip (Heracleum spondylium) — a 
mere curiosity for t h e t ime being — in to l ight 
soils and on t he economic value of th i s p l a n t . 
F u r t h e r th ree l ec tu res were del ivered on 
p l a n t growing sub jec t s . R. Meitz ' sub j ec t 
was of local s ignif icance, as it was a b o u t t he 
possibilities of commerc ia l p roduc t ion in a 
re la t ive ly dry d i s t r i c t (Oderbruch) w i t h b a d 
w a t e r m a n a g e m e n t where feeding condi t ions 
were highly p rob lema t i c . In his l ec tu re call-
ing general a t t e n t i o n a n d offering m a n y use-
f u l conclusions W . Simon deal t w i t h t he 
"des icca t ion" p r o b l e m s of forage crops . T h e 
lec turer discussed n o t only the m e t h o d of 
defoliat ion appl ied in seed produc t ion , b u t 
also the drying of p l a n t s tands developed 
f r o m the former m e t h o d ; it serves t h e r emov-
al of the super f luous wa te r con ten t of p l a n t s 
before harves t ing in order to reduce t h e high 
cost of drying. Th i s me thod also increases the 
va lue of the c o m p o n e n t s at the same t ime. 
Final ly , in the f i r s t p a r t of the book we f i n d a 
lec ture by G. Schre iber on the sub j ec t of 
grazing which also proves tha t t he scientif ic 
conference deal t w i t h m a n y quest ions . 
The f ive l ec tu res presented in t he second 
p a r t "Forage p l a n t b reed ing" do no t belong 
t o t he same sub jec t . Besides theoret ical , gene-
t ical questions t h e r e is a report here on com-
pa ra t ive va r i e ty t e s t s too. 
K . Be l lmann ' s l ec tu re describes q u a n t i t a -
t ive genetical m e t h o d s applied in breeding 
cross-poll inating fo r age plants . The lec turer 
t r ied to give answer t o such methodological 
quest ions as he r i t ab i l i ty , degree of dominance 
and the e s t ima t ion of genetic cor re la t ion . 
These p a r a m e t e r s are i m p o r t a n t in 1. fore-
cast ing the r e su l t of selection, 2. deciding 
which type of se lect ion method can be success-
fu l l y applied, a n d 3. establishing t h e i ndex of 
selection. 
In his lecture R. F o c k e presented h i s 
me thod of breeding f a c u l t a t i v e or obl igate 
cross-pol l inat ing plants in t h e case of which 
the classical hybr id seed p r o d u c t i o n could n o t 
be t a k e n i n t o account for economica l reasons. 
In his m e t h o d he makes s imul t aneous selec-
tions fo r add i t ive genes a n d those of super-
d o m i n a n t in teract ion, w h e r e a breeding cycle 
lasts fo r t w o years. 
U. S c h ü t z e carried on sowing t ime exper i -
ments fo r th ree years w i t h common v e t c h 
(Vicia sativa L.) var ie t ies in order to f i n d 
out t h e breeding value of t h e mater ia l ex-
amined . W i t h his test m a t e r i a l — of no large 
vo lume — he pointed out a n expressed va r i a -
bili ty in d r y mat ter p r o d u c t i o n , r h y t h m of 
growth a n d development , reac t ion to d a y 
length a n d vernal izat ion t endency . His ex-
pe r imen t s t r y to f ind answers to p lant b reed-
ing p r o b l e m s , and call a t t e n t i o n to the possi-
bilities of combinat ive i n s t e a d of the t r a d i -
tional select ive breeding m e t h o d s . 
In h i s lecture W. K a p p e l says t h a t t h e 
highly va luab l e Sorghum vulgare Pers. va r ie -
ties a n d hyb r id s have no t sp r ead so far in t h e 
G e r m a n Democrat ic Repub l i c . P e r f o r m a n c e 
tests w e r e carried out b e t w e e n 1964 and 1966 
wi th Sorghum hybrids i m p o r t e d f rom R o u -
mania in order to s t udy t h e possibilities of 
p roduc ing th i s plant species . 
T h e sub jec t of the closing lecture del ivered 
by F . P a p e n h a g e n was t h e fer t i l i ty p r o b l e m 
of t h e va luab le te t raplo id r e d clover species. 
The l e c t u r e r had s tudied t h e fert i l i ty cond i -
t ions of a number of commerc ia l ly p r o d u c e d 
t e t r ap lo id red clover species a n d in his l e c tu re 
out l ined t h e tasks to be pe r fo rmed by t h e 
b reeders in this field. 
T h e scientific conference covered a v a s t 
ma t e r i a l . To write m o r e abou t it w o u l d 
exceed t h e limits of a s u m m a r y . We o n l y 
a imed a t calling a t t e n t i o n to the p r o b l e m s 
the con fe rence had d i scussed , those d e a l t 
wi th b y t h e plant g rowing researchers of t h e 
G e r m a n Demoract ic R e p u b l i c in their e f f o r t s 
m a d e t o increase the yie lds of the i r feed c r o p 
p r o d u c t i o n . Experiences gained and i d e a s 
raised a r e of topical i n t e r e s t beyond t he bo r -
ders of t h e German D e m o c r a t i c Republ ic as 
well, a n d t he approaches a re very in s t ruc t ive . 
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From a methodological p o i n t of view b o t h 
plant g rowers and p lan t b r e e d e r s can f ind 
much u se fu l mater ia l in t h e l ec tu res delivered. 
L . B A L D A S Z T I 
A. BÁLINT: Protein Growth by Plant Breeding. 
Akadémiai Kiadó , B u d a p e s t 1970. 172. pp. , 
64 f igures, 81 tables. 
In t he p re face the a u t h o r mentions tha t 
al though t h e total p ro te in supp ly of the 
populat ion is sufficient in H u n g a r y , the ra t io 
between a n i m a l - and p l a n t origin proteins 
consumed is n o t favourable . 70 per cent of the 
fodder r e q u i r e m e n t s are s a t i s f i e d with maize; 
however, i t s pro te in qua l i ty is n o t favourable 
and good f e e d conversion c a n b e a t ta ined only 
when it is supplemented w i t h feedstuffs of 
higher p r o t e i n content and b e t t e r amino acid 
composi t ion. I n 1954 e x t e n s i v e experiments 
were s t a r t e d wi th a n u m b e r of p l an t species 
a t the D e p a r t m e n t of P l a n t Breeding of t he 
Universi ty of Agricultural Sciences, Gödöllő, 
in order t o increase the p r o t e i n content and 
improve t h e amino acid c o m p o s i t i o n of feed. 
Six research workers in f i v e p a p e r s give an 
account in t h i s book on t h e i r work and re-
sults o b t a i n e d . 
A. B á l i n t : I m p r o v e m e n t of t he chemical 
composit ion of maize ke rne l s b y breeding. 
Pp. 9 — 74. T h e In t roduc t ion p o i n t s out t h a t 
the protein def ic iency in t h e fo r age of Hun-
gary a m o u n t s t o 100 — 120 t h o u s a n d tons; and 
90 p e r c e n t of th i s is due to p r o t e i n poor fod-
der, main ly maize . As a r e s u l t 5 —6 kg feed 
is required f o r t he p roduc t ion of 1 kg pork, 
and 30 — 40 p e r cen t of the f e e d is no t convert-
ed by the p o u l t r y . A 1 per c e n t increase of the 
protein c o n t e n t of maize w o u l d raise the 
to ta l pro te in c o n t e n t of feed b y 5 — брег cent. 
Chapters " R e v i e w of l i t e r a t u r e " and "Gen-
eral r e m a r k s " discuss t h r o u g h 20 pages with 
the help of t a b l e s and f igures t h e possibilities 
of protein i nc rease of grains a n d improvement 
of amino a c i d composit ion, i n c l u d i n g the oil 
content . 
E x p e r i m e n t s carried o u t be tween 1954 
and 1967 w e r e a imed at p r o d u c i n g an initial 
mater ia l s u i t a b l e for developing maize hybrids 
with f a v o u r a b l e amino acid compos i t ion and 
high prote in c o n t e n t , s t u d y i n g i t s possibili-
t ies , and in t h i s context i nves t i ga t i ng t he 
var iab i l i ty of p ro t e in - and oil c o n t e n t s in 
grains. 
The p l a n t m a t e r i a l of the t r i a l s consisted 
of numerous va r i e t i e s and lines, va r ie t i e s in-
cluded in t he n a t i o n a l var ie ty t r i a l s in 1954, 
va r i e ty - and double-cross hybr ids , Zea mays X 
Euchlaena (Zea) mexicana hybr ids , biochemi-
ca l m u t a n t s p r o d u c e d with X - r a y s as well as 
of opaque-2 a n d f loury-2 crossings. T h e to ta l 
prote in c o n t e n t w a s determined o n t h e basis 
of to ta l n i t rogen X 6.25 obtained b y t h e Khel-
d a h l me thod , a n d digestion — i n order to 
accelerate t h e process — with a m i x t u r e of 
H , S 0 4 and H 2 0 2 . Separat ion a n d q u a n t i t a -
t i ve d e t e r m i n a t i o n of amino acids w e r e carr ied 
o u t by m e a n s of paper c h r o m a t o g r a p h y , 
whi le Rf va lues were de te rmined t h r o u g h a 
pho todens i t ome t r i c t r e a t m e n t of spo t s . 
Major r e su l t s : Protein- and oil con ten t s 
depend to a g r e a t ex t en t on t he v a r i e t y and 
env i ronmen t ; a v e r a g e values r a n g e d be tween 
10.5 and 8.4, a n d 3.2 and 1.3 per c e n t respect ive-
ly wi th the 17 va r i e t i e s of the n a t i o n a l t r ia l , 
a n d between 10.4 a n d 8.4, a n d 2.8 a n d 2.4 
p e r cent r e spec t ive ly a t the 17 g r o w i n g sites, 
indica t ing a cons iderab le in te rac t ion be tween 
v a r i e t y and g rowing site. U n f o r t u n a t e l y , 
t h e r e was no a d e q u a t e data process ing . In 
one of the e x p e r i m e n t s carried o u t a t Gödöllő 
t h e average p r o t e i n percentage of 35 samples 
including sweet co rn and pop-co rn ranged 
be tween 13.75 (Maiskönig) and 8.06 (Silver-
mine) . 
The prote in c o n t e n t of certain Zea X Euch-
laena hybr ids e v e n exceeds 17 pe r c e n t ; how-
ever , e l iminat ion of un favourab l e charac-
ter is t ics i n t r o d u c e d wi th Euchlaena requi res 
a breeding work of long dura t ion , meanwhi l e 
t h e protein c o n t e n t decreases. A n u m b e r of 
l ines with o u t s t a n d i n g combining ab i l i t y and 
h igher than a v e r a g e prote in con ten t h a v e been 
developed; some of t h e m have s a t i s f a c t o r y oil 
c o n t e n t and a m i n o acid composi t ion too. 
Biochemical m u t a n t s were p r o d u c e d b y an 
in i t i a l mater ia l deve loped from a local va r i e ty 
a n d line W F 9 i r r a d i a t e d (X-ray of 7- 15 kr) . 
P r i m a r i l y f r o m t h i s material , b u t a lso f rom 
a mate r ia l not t r e a t e d with m u t a g e n e s some 
l ines with high p r o t e i n - and oil c o n t e n t could 
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be selected. W h e n breeding fo r pro te in con-
ten t , a cons ide rab le diff icul ty is caused by the 
fac t t h a t h i g h pro te in con t en t is n o t readily 
coupled w i t h good combining ab i l i t y , and the 
protein c o n t e n t s of the h y b r i d s a re generally 
similar to t h o s e of parents w i t h the lowest 
pro te in c o n t e n t s ; so i t seems reasonable to 
produce s ingle-cross hybr ids . 
There w a s a f l uc tua t ion shown in the 
amino acid composi t ion of t h e amino acid 
m u t a n t s (opaque -2 , f loury-2, etc .) , and their 
good cha rac t e r i s t i c s can only b e main ta ined 
in the crosses b y a strict select ion. 
L. Mészáros : The ef fec t of the sexual 
mentor a n d c r u d e protein c o n t e n t in maize. 
Pp . 75 — 87. I n exper iments a i m e d a t support-
ing the m e n t o r theory , in case of poll intaion 
carried o u t w i t h a mixture of pol len obtained 
f rom P 3 2 l abe l l ed sunflower a n d maize, t he 
isotope f r o m t h e pollens n o t pa r t i c ipa t ing in 
the f e r t i l i za t ion pene t ra tes i n t o t h e embryo. 
Changes in t h e protein c o n t e n t as inf luenced 
by t he s e x u a l mentor are s tud i ed in th ree 
f ree -po l l ina ted maize var ie t ies , w i t h lupine-
and s u n f l o w e r pollens used as mentors . Re-
sults o b t a i n e d are ra ther d i spe r sed and pa r t ly 
c o n t r a d i c t o r y , so unsui table fo r drawing con-
clusions. 
G. K o t v i c s : Inves t iga t ions on increasing 
the p r o t e i n c o n t e n t of Secale cereale. Pp . 89 — 
98. F lou r u s e d in H u n g a r y f o r bak ing bread 
conta ins 25 — 30 per cent r y e f lou r , i t is t h u s 
i m p o r t a n t t o improve i ts q u a l i t y . Wi th th i s 
in view t h e commercia l v a r i e t y Kisvárdai S. 
cereale w a s crossed with t h e h i g h (22%) pro-
tein c o n t e n t perennial species S. monthanum. 
In t he F t generat ion t h e p ro te in con ten t 
was close t o t h a t of the wild p a r e n t , while in 
the n e x t gene ra t ion i t dec reased ; in the F} 
genera t ion i t exceeded t h a t of t he cul t iva ted 
pa ren t b y 30 percent , b u t in t h e perennia l 
forms no c h a n g e parallel w i t h t he age of t h e 
p lan t cou ld be observed. A m i n o acid com-
posit ion i n t h e hybrids w a s also favourable , 
and t h e biological va lue of t h e protein in 
cer ta in s t r a i n s exceeded t h a t of b o t h pa ren t s . 
On t h e bas i s of data o b t a i n e d there seems t o 
be a poss ib i l i ty for developing a rye va r i e ty 
superior t o those cu l t iva ted . 
J . F ü r e d i : I m p o r t a n c e of breeding pea s 
ActI 
I  w i t h increased p r o t e i n content . Pp. 99 —128. 
l  I n an exper iment con t a in ing a large m a t e r i a l 
 of mar rowfa t - , sugar - a n d fodder pea v a r i e t i e s 
l  c h a n g e s in the p r o t e i n con ten t of t h e ind iv id -
 u a l pa r t s of t he p e a p l an t during t h e on to -
3t genesis were e x a m i n e d , and the e f fec ts of site 
;  a n d years on t h e p r o t e i n content of seeds 
s tud ied . U n f o r t u n a t e l y , no s ta t is t ical eva lua -
l t i o n of the in t e rac t ions is presented. T h e r e is 
a n a t t e m p t m a d e t o assess the genet ic va r i a -
b i l i t y of varieties. I n lines isolated f r o m the 
• var ie t i es Pauli a n d Kelvedon a g e n o t y p e 
va r iab i l i ty could be observed in a d d i t i o n to 
l t h e high va r iab i l i ty a t t r i bu t ed to t h e crop 
y e a r in question. B y selection s t a r t e d in the 
t- F » generation of crossed popu la t i ons lines 
i w i t h different p r o t e i n contents cou ld be 
• developed. 
l The prolixi ty of t he publ ica t ion - un-
u s u a l with scient i f ic papers — t o g e t h e r wi th 
t h e unnecessary c i t i ng of some a u t h o r s m a k e s 
• unde r s t and ing d i f f i cu l t . 
; D. Dudits — J . S u t k a : Genetical c h a n g e of 
 cha rac te r s by m u t a t i o n in peas. P p . 129 — 
 174. The aim is t o s t u d y and uti l ize t h e proc-
l  ess of mu ta t ion in breeding work. T h e experi-
II- m e n t includes t h e va r i e ty Pe t i t P rovença l 
su i table for b o t h processing and f r e s h con-
l sumpt ion , and t h e f o d d e r pea va r i e ty I regi P j . 
 Seeds of b o t h va r i e t i e s were t r e a t e d wi th 
i X - r a y s (7 and 12 k r ) and ethyl me thane - su l -
p h o n a t e (EMS; 0.1 — 0 .42% so lu t ion , wi th 
li pre l iminary soak ing for 15 hours a n d with-
ou t ) , and the r e s u l t s were sub jec t ed t o bio-
 me t r i c analysis. 
n. As a react ion t o t he t r e a t m e n t s a growth-
at a n d seed-set i n h i b i t i o n could be o b s e r v e d in 
 t h e M! genera t ion . X- rays also increased 
% le tha l i ty to a h i g h degree, while E M S did not. 
:  M u t a t i o n r a t e s de te rmined on t h e bas is of 
l t h e M2 gene ra t ion were the h ighes t in the 
l  ma te r i a l t r e a t e d w i t h EMS c o m b i n e d with 
n- pre l iminary soak ing , and the lowes t with 
e, X- r ays applied. 
i  Besides t h e chlorophyl l m u t a n t s (albino, 
s. x a n t h a , ch lor ina) t h e r e also occu r r ed leaf-, 
to s tem- , pod- a n d seed form as well as colour 
ty m u t a n t s . 
Among t he q u a n t i t a t i v e c h a r a c t e r s , chang-
s es in p lant h e i g h t , number of n o d e s , t ime of 
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flowering, pos i t i on and a p p e a r a n c e of pods, 
g rowth rate, n u m b e r of pods, t housand -g ra in -
weight and p r o t e i n percentage a r e s tudied. 
Special a t t e n t i o n is paid to t h e polygenic 
muta t ions ; in t h e M 2 generat ion, t h e pheno-
typ ic var iancies , w i t h the e x c e p t i o n of pod 
number , u n d e r t h e influence of E M S treat-
men t s , and t h e t h o u s a n d - g r a i n - w e i g h t under 
t h e influence of X - r a y s increased rel iably. 
T h e analysis of c h a n g e s in the s t a g e of devel-
o p m e n t deserves special a t t en t ion . I n t he M4 
generat ion co r r e l a t i ons and g e n o t y p e var ian-
cies of p lant h e i g h t and cer ta in y ie ld com-
ponen t s are a lso s tudied. As a r e a c t i o n to 
E M S t r e a t m e n t correlat ion b e t w e e n the 
numbers of nodes a n d pods became less close, 
a n d the genotype var iancies increased (charac-
t e r s studied w e r e : p l an t height , n u m b e r of 
nodes, number of pods , number of seeds per 
pod , thousand-gra in-weight , p r o t e i n percen-
tage) . M a c r o - m u t a n t s can be u s e d direct ly 
while polygenic m u t a n t s af ter se lec t ion in 
breeding work. 
The book supp l i ed with an a p p r o p r i a t e 
cover , detailed i n d e x of au tho r s a n d brief 
sub j ec t index is r ecommended p r i m a r i l y to 
p l a n t breeders, b u t p l an t growers a n d gene-
t ic is ts can also f i n d interest ing p a r t s in it . 
L . D A N I E L 
Z . K I R Á L Y , Z . K L E M E N T , F . S O L Y M O S Y , J . 
VÖRÖS: Methods in Plant Pathology. W i t h 
special reference t o breeding f o r disease 
resis tance. A k a d é m i a i Kiadó, B u d a p e s t 1970, 
129 il lustrations; p p . 1—509. 
In modern phy topa tho log ica l r e s e a r c h i t is 
essent ia l to h a v e a large number of l abora-
t o r y , microtechnical , glasshouse as well as 
f i e ld exper imenta l methods . Such m e t h o d s 
a n d descriptions of procedures a re col lected 
a n d presented b y t h e authors in t h i s v o l u m e 
i n a didactic f o r m . I n the i n t r o d u c t o r y p a r t 
of each chapter morphology , b io logy and 
h o s t - p a r a s i t e re la t ions of p h y t o p a t h o g e n i c 
v i ru ses , bacter ia a n d f u n g i are d i scussed , 
m o r e o v e r the possibil i t ies of control m e a s u r e s 
a re summar ized b r i e f ly . T h e chapter a b o u t 
p l a n t v i ruses (by F . So lymosy) conta ins de-
ta i l ed descript ions of symptoma to logy , gene -
t ics a n d even n o m e n c l a t u r e and s y s t e m a t i c s 
of v i ruses , so the a c t u a l methods are o n l y 
dea l t w i t h to a c o m p a r a t i v e l y limited e x t e n t . 
A n in tens ive review a b o u t s y m p t o m a t o l o g y 
of bac ter ioses , modes of ident i f ica t ion of p l a n t 
p a t h o g e n i c bacter ia , moreove r problems of 
bac t e r iophages can be f o u n d in the c h a p t e r 
a b o u t phy topa thogen ic bac te r i a (by Z. K l e -
m e n t ) . Af t e r the desc r ip t ion of general b a c -
ter io logical methods , special procedures a r e 
g iven us ing a few t e s t -o rgan i sms as e x a m p l e 
cases fo r actual inves t iga t ions . The c h a p t e r 
a b o u t mycology (by J . Vörös) is c o n s t r u c t e d 
r o u g h l y according to s imi la r principles, h o w -
ever , h e r e mainly m e t h o d s and p rocedures 
are descr ibed , while genera l knowledge a b o u t 
m o r p h o l o g y and biology of fungi is r i g h t l y 
r e d u c e d t o a large e x t e n t . Dur ing the cou r se 
of t h e de ta i led descr ip t ions of certain selected 
" t y p e " diseases (by Z. K i r á l y and J . Vörös ) 
t r a d i t i o n a l as well as t h e mos t modern p r o -
cedures a n d inves t iga t ion me thods are g iven . 
This c h a p t e r includes t h e most i m p o r t a n t 
p l a n t pa thogen ic fung i , so this is real ly a 
use fu l t e x t for jun io r p l a n t pa tho logis t s . 
F ina l ly a separate c h a p t e r deals with m e t h -
ods in b reed ing for r e s i s t ance against p h y t o -
p a t h o g e n i c fungi (by Z. Ki rá ly ) . This p a r t of 
t he v o l u m e contains t heo r i e s as well as m o d e r n 
d a t a a b o u t hos tparas i te relat ionships, t o o . 
T h e book is well p r i n t e d and richly i l lus-
t r a t e d , moreover , s u p p l e m e n t e d with an ex-
cel lent b ib l iography, so t h e volume can b e 
real ly u s e d by beginners as well as by special-
ists in a l m o s t all fields of p h y t o p a t h o l o g y a n d 
p l an t b reed ing . Pub l i c a t i on of this u se fu l 
methodolog ica l guide is a def in i te benef i t t o 
r e sea rch workers, p l a n t breeders , t eache r s 
and s t u d e n t s equally. 
G . U B R I Z S Y 
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tificial inoculation in greenhouse or 
field experiments, the detection of 
physiologic races of p lant pathogens 
and the sources of disease resistance. 
Most of the methods have been used 
in practice and applied to research 
in the laboratories and experimen-
tal stat ions of the Research Insti-
tu te for Plant Protection, Buda-
pest. 
Protein Growth by Plant Breeding 
edited by A. RÁLINT 
In English — Approx. 180 
Increasing demand of world popu -
lation for more meat , milk, eggs, 
and plant products of higher pro-
tein content, make i t necessary t h a t 
t he protein content of the more 
impor tan t crops should be increased 
and the ratio of t he fundamental 
amino acids, like lysine, t ryptophan 
and methionine in proteins, im-
proved. 
pages — 17 X 25 cm — Cloth 
In Hungary , research in this line was 
star ted as early as 1954 at the De-
par tment of Plant Improvement , 
University of Agricultural Sciences, 
Gödöllő. 
The present volume reports on the 
results and methods elaborated dur-
ing the past fifteen years in Hun-
gary. 
AKADÉMIAI KIADÓ, B U D A P E S T 
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AGRONOMY 
JOURNAL 
This official organ of the American Society ofAgron-
omy is a bimonthly publication of up-to-date reports 
of general agronomic research. Workers in the fields 
of forages and pastures, crop improvement, cultural 
practices, soil fertility, and allied areas of investiga-
tion will find articles of lasting interest in Agronomy 
Journal. Publication is open to members of the Amer-
ican Society of Agronomy. 
$22.00 peryearinU.S. and Canada,$24.00 per year elsewhere. 
AMERICAN SOCIETY OF AGRONOMY 
677 S. Segoe Rd, 
Madison, Wisconsin J5711 
Probleme agricole" 
is a periodical of agricultural science and practice, 
published in Rumania as an organ of the Higher 
Counci l of Agriculture and destined to the specialists 
in agriculture with higher studies. 
T h e review publishes works concerning the problems of 
the development o f the agricultural production (original 
researches, papers drawn up on the basis of experiments 
and of the scientific literature of speciality, achievements 
of the foremost agricultural units) in the following fields: 
economy and organization of the production, utilization 
of the land fund, plant melioration, agrotechnics, phyto-
technics, plant protection. The or ig ina l works a r e accom-
panied by Russian, English, and French summaries. 
T h e review contains also the chronicles of certain impor-
tant scientific events and manifestations from Rumania 
and from abroad, and the reviews of works published 
in different countries. 
EUPHYTICA 
Netherlands Journal of Plant Breeding 
Vol. 19 (1970) (about 550 pp.) contains 70 articles. Some are: 
Selection for combining ability in pyrethrum, Epistasis for crown 
disease in the oil palm, Cytoplasmic'male sterility in petunia, Cyto-
genetical studies in wheat, Electron-microscopy on anther tissue 
and pollen of male sterile and fertile wheat, Basic information for 
the use of pr imary trisomies in genetic and breeding research work, 
Promotion of pistillate flowering in Cucurbita by 2-chloroethyl-
phosphonic acid, Crossability values within the Slash-Caribbean 
Pinus species complex, Yield variation in the early product ive 
years in trials with cacao, Propagation of celery, Tissue culture of 
the oil palm, Incompatibil i ty in the cross Rhododendron impeditum 
X R. williamsianum, Genome relationship in Solanum hybrids, 
Time and site of the S-gene action, Self-incompatibility in Ribes, 
Sterility in some Ipomoea-species, Interspecific crosses in Linum. 
Published four times a year, in annual volumes of about 
500 pages. 
Subscription vol. 20 (1971): 30.— guilders (about $8) a year. 
Vols. 2 (1953) - 17 (1968) at 20 guilders ( + $5.50) per vol-
ume. Vols. 18 (1969) —(1970) at 22.50 guilders per volume. 
Vol. 1 (1952 reprinted) $12.50 
Correspondence should be addressed to: 
Dr. A.C. ZEVEN 
LAWICKSE ALLEE 166, WAGENINGEN 
THE NETHERLANDS. 
Das Institut für wissenschaftlich-technische Informat ionen des 
Ministeriums für L a n d - und Forstwirtschaft veröffentl icht die wissen-
schaftliche Zeitschrift 
ROSTUNNfl VYROBA 
(Pf lanzl iche Produktion) 
Redaktionsrat: 
Vorsi tzender Prof. D r . Václav Kás, DrSc. 
Mitglieder: 
Ing. Jozef Belej, CSc. , A k a d e m i k e r Ct ibor Blattny, Ing. Jilji F iedler , 
CSc., Prof. Dr . Ladis lav Hruska, Prof . D r . Jan H r u z a , Ing. Ján Jasic, 
Prof. D r . V lad imi r Kosil, DrSc., D o z . D r . Frantisek Landovsky, Ing. 
Jozef Lopatnik, CSc. , korrespondierendes Mitgl ied der Tschechoslo-
wakischen A k a d e m i e der Wissenschaften Ing. Frant isek M a r e c e k , 
Ing. V lad imi r M a r t i n é k , CSc., Ing. Frantisek M r á z , Ing. Ct irad Patejdl , 
Ing. Jaroslav P r u g a r , CSc., Doz. Ing. Vaclav Rybácek , Ing. V l a d i m i r 
Segeta, CSc., Ing. Mi loslav Schmied, Ing. V lad imi r Skládal , Ing. Josef 
Slepicka, Doz. Ing. Antonin S t ranák , CSc., Ing. Jura j Uhl iar , R N D r . 
Ing. Jaroslav Z a k o p a l . 
D i e wissenschaftliche Zeitschrift Rostiinná v y r o b a veröffentlicht 
Studien, Analysen und wissenschaftliche A b h a n d l u n g e n über die 
gelösten Aufgaben der Wissenschaft aus dem Fachgebiet der Pf lanzen-
produkt ion. Die Zusammenfassungen jedes Beitrags werden in die 
russische, englische und deutsche Sprache übersetzt . 
D ie wissenschaftliche Zeitschrift „Rosti inná v y r o b a " erscheint 
monat l ich in e i n e m Umfang von 112 Druckseiten. 
S B O R N I K U V T I -
G E N E T I K A A S L E C H T É N Í 
The scientific journal Genetics and Breeding publishes 
original studies on plant genetics, agricultural plant breeding, 
seed production as well as works on biology and physiology 
concerned with these problems. It also presents thematic 
summarizing reports and topics on the technical improvement 
of breeding. 
The aim of the journal is to inform completely on the 
scientific research problems studied in Czechoslovakia and 
the results obtained. The studies are published in Czech 
and have English, Russian and German summaries. 
The journal is being issued quarterly; each copy con-
tains 80 pp. and costs 10 Kcs. Orders are received by the 
Editor, the Institute of Scientific and Technical Information, 
Prague 2, Slezská 7, Czechoslovakia. 
AGROKÉMIA és TALAJTAN 
Quarterly Journal of 
Soil Science, Agricultural Chemistry, Fertilization, 
Soil Biochemistry, Soil Microbiology and Plant 
Physiology 
Editor: I. Szabolcs 
Assistant editor: Gy. Várallyay 
Editorial Board: Z. Fekete, К. Géczy, L. Gerei, В. Győrffy, 
A . Klimes-Szmik, I. Láng, I, Latkovics, Gy. Pántos, 
J. Sarkadi, S. Sipos, P. Stefanovits, J. Szegi 
Published by the Research Institute of Soil Science and Agricultural 
Chemistry of the Hungarian Academy of Sciences, Budapest II., Herman 
Ottó-út 15 (Budapest 114, P.O.B. 66), Hungary. AGROKÉMIA ÉS 
TALAJTAN publishes papers by eminent Hungarian and foreign scien-
tists in Hungarian, the detailed summaries are translated into English, 
Russian and a third language, French, German, Spanish or Italian. Special 
„Supplementum" volumes are published in English. The Journal is issued 
four times a year in annual volumes of about 700 illustrated pages. 
Distributors: KULTURA BUDAPEST 62, P.O.B. 149. 

Printed in Hungary 
A kiadásér t felel a z Akadémia i K i a d ó igazga tó j a M ű s z a k i szerkesztő: V á r h e l y i T a m á s 
A kézira t n y o m d á b a é rkeze t t : 1971. I V . 27. — Ter jedelem: 22 (A/5) í v , 121 ábra 
71.71688 A k a d é m i a i N y o m d a , B u d a p e s t — Felelős veze tő : B e r n á t György 

Die A c t a Agronomica veröf fent l ichen agrarwissenschaft l iche A b h a n d l u n g e n , besonders 
aus dem Bere ich der landwir t schaf t l ichen Grundforschung , in englischer Sprache. 
Die A c t a Agronomica erscheinen jährl ich in e inem Band (4 H e f t e ) . 
Die zur Veröffent l ichung b e s t i m m t e n Manuskr ip te sind an fo lgende Adresse zu senden : 
Acta Agronomica 
Martonvásár, Postafiók 19. 
Abonnementspre i s pro B a n d : $ 16.00. 
Beste l lbar bei dem Buch- u n d Ze i tungs -Außenhande l s -Unte rnehmen »Kultúra« ( B u d a -
pes t I . , Fő u t c a 32. Bankkonto N r . 43-790-057-181) oder bei seinen Aus landsve r t r e tungen 
u n d Kommiss ionären . 
Les Ac ta Agronomica pub l i en t des communica t ions , en langue anglaise, dans le s u j e t 
de la science agricole, surtout du domaine des recherches fondamenta le s agronomiques. 
Les Ac ta Agronomica sont publ iés sous f o r m e de fascicules q u i seront réunis en u n 
volume pa r an . 
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Acta Agronomica 
Martonvásár, Postafiók 19. 
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On p e u t s 'abonner à l 'En t r ep r i s e pour le Commerce Extér ieur d e Livres et J o u r n a u x 
«Kultúra» (Budapes t I . , Fő u t c a 32. Compte-courant No. 43-790-057-181) ou à l ' é t r ange r 
chez tous les représentants ou déposi ta i res . 
Acta Agronomica публикует статьи по а г р а р н о й тематике, г л а в н ы м образом тео-
ретические работы в области сельскохозяйственных основных н а у к . 
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